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"Masonry, Masonry Units, and Mortar," Bureau of Standards Lo
1etter, Circular 983, April. 1950. S

A complete listing of papers wrltten by staff members of

the Bureéau of Sta.ndards on the subjects listed.
e

Plummer, Harry C.-
\‘ /"Brick and Tile’ Engineering, " Structural Clay Products Inst.,
Washington, D. C.;, 1950.

391pp. . .
»‘ W
Portions of the handbooks "Brick Engineering" and- "Tile \
Engineering" dealing with nonreinforced r{qasonry only." \\
S

R.S., Dear,, /P.S.; end Whittemom;,ﬁ J. W
‘"Mortar Bond Charactpristics o Yarious Brick," Va.' Poly.
Inat._Ener. Exp.’ Sta Bul. n.70 v .42 n.1l Nov§-~ 1948, -

Report on tests made to determipe phyeical pro}ert:les of
selected masonry materials, and to study effect of method of

‘forming tension bvnd strength coupleta, o

\\ s T W

"Strege-Strain relations in Ceramic M&%erials, " Am. Ceramic .
J. 39:261-266. 1946., .

Several types of eeranic materials studied under stress with
SR-4 strain gages to measure the strain. - Behaylor was similar
to elestic materials, hard fired materials ‘exhibit straight Iine

E deformation;. soft fired meterials have proportional limit -~

 Aad3.

ation on’. Brick masonr,w

R

Pearson, J,C.

Plumer, H.C., and Reardon, L J-

.struss-atr\ain curve deviates from a atraight line., .
» N

"Measurement of bond between bricks and mortar, "

Test Mat.; Proa. 43:887-66 . 1043. :

Soc. -

Modified cross brick couplet test and nall test gave resums
for modulus of rupture and tensile strengtn in bond. ,

"Brick Engineering, " Structural (lay Products Inst., 437pp.,
1943 o "
. y ; .
" Contains bibliography, 76%" of test data, and design inform-
ery complete handbook of des1gn,
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ﬁgass.‘ ) MeBurnuy, J.ho,< and Tovewell, C. En“-~ SN

" AsBl. | “Griffith, John H.-

, ; . al B S
Aa39; © -Johnkorn, John B. .Withey, M.) , S
E “"Materials of Construction," Wiley 8th Ed. 867pp. 1939.

Aa3>. | Withey, M‘,o‘,»
"Recent Experimentq on Masonry Buiiding Mater1a13 Mace in
"Materials Testing Labcratory of Univergity of Wisconain, *

\nu,\g ASEOCo S-tate Eng]'\‘\o Soc. Bulq .Tuly 195‘)0

".; ~Aa34. Palmer, L. A., and Parsons, DA

"*A Study of the Properties of Mortars and Br1cks end their
Relation to Bond," Bureau of Standards Journal ‘123609-644
" May 1934.: Lo o

4

"Strength, We per Abqprpticn and Weather Resistance of
7 e " Building Brick Produced in the United States." Am. Soec..
© 7" Test. Mat. Proc. 33pt.II:636 1933 |
"Weighted averages and dlspere1ons of the compressive and
” transverse strengths of the bullding brick produced in the
U.S. "

S

.7 "gtrengthe of Bnck( énd Other Structura.'l\ JBilicates, "
o ‘ »'\ Am. Ceramic Soc. J. 14:325-356. May 1931

Derivation of formula predicting strength Formula
based on gensible pore space determined by degree of -
v‘»absorption of water by weight. . .

Aaz9, "Phyeical P(epertiea of Brick and Br1cy;ork," Brick Engro
- ~r\7. 2 Ve 1, lg,bgn . - P .
Aa29.:  McBurney, J.W. . I
: "The Compressive and Traneveree Strength of Brick n »
Am,: Ceremic- Soe. "J, 12:217 1929.  Also: Bur. Stan// Je

Research 2:821 1929 (RP59).

. "No general rule exists for converting values from &

( compressive test made with a brick on its flat side tc

" the compressive strength with the ‘brick on edge.~---
The modulus of rupture can not be determined from a
compressive test (nor vice versa) without possibility
of great error." .’ :

Aa28. . McBurney, J.W.

"Strength of Brick in Tension," Am.- Ceramlc Soc. J.II: 114 1928

"Smnmary' ‘
(1) Al apparstus for making temsile tests on whole
- "bricks is described.
(2) -The tensile strengths of severdl typee of brick
_are given.: . . ¥
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\\ . ) the tensile strength of the bricks examined are
A between 0% -and 10% of the modulus of ruptures" "

Aa27. 'Steng, AH. '

e

o

"A Portable Appamtus for Transverse 'l‘ests of Briuk "

P Ty Bura Stand Tech. - Paner n.,341, Ve 2l, pe 347 (1996—27)k¢

e

Aag7.  Tucker, J.; Jr.

. ;o ,
< The Compressive Strength off Materials, with Applications, "

»
yi

) Fraoklin Inst. J, @04 751 P ec 1927,
Aa24.  Whittemore, H.L. ~ -

"Equalizer Apparatus for Transverse Tests of Bricks,"
Bur. - Stand. Tech. Paper n.25l,v.18 pp. 107-113 (1924-25).

A

N

o Descripuon of a r{ew equal/ize ~apparatus ‘for making trans-

4 and alignment, even wit}h\\ war?ed bricks. (
B T . //
Aa20. Enley and Gleare

@

some valuesw & \
¢

4 . g . ‘ Y,

v
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R
Describeg apparatua for tensile test \\ brick and gives

verse tests of bricks,~ designed to insure proper loading L

ey

[

"How Brick Piers {ail, " San/ -Lime Jir;lgk_dAssoc Proca19209
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Sed also: Aasq “"Masonry, ugaogry Units, 'Ej;cu’, " Af‘49 "Chalmers Teknisha--=,"

]

Ab46. - Evans, R.H. . o

"Extensibility and Modulus of Rupture of Concrete "o . ’

Structural Engr v.24,n.12 pp. 636-659 194&( - K

(Discussion. v.25, nailz PP- 53g-54 Dec.' 194%.) ” - N
\ ] !

o . " Account of results obtained from tests concerning ex-~
tensibility of plain and ‘reinforced concrete specimens in .
tonsion and bending; data oin tests; apparatus and material;

,tests on briquettes, reinforced tension columns, plain and
reinforced %eams‘ results prosented in chartse ‘Bibliography.-
(Very good. art:lcleu)" ) E

#

A

Ab46. Vivien, A.C.. ° .
. "The- Stress-Stra:ln Relation of Concrete, " Ja Inst, _ o .
J :  Structural Engrs. 24:42-53 Jan. 1946. . R o

Ab43.  Washa, G.W. <\; ,‘ - . ol
. "Teats of Masontry Cements," Am, ancolnstaJu 15:165~71 No¥.1943.-.
. TR ‘
" Ab4a.: ‘preaton, i R B o O o
"The Mechanical“Properties of Glass," J. App. Fhysics
/. 13:623-634  1944.° -

P

" Containa bit)]".'i.a':agraphyu

Ab4l.: Maney, G.A. .
: "Conorete Under- Sustained Working Loads; Evidence-that-
Shrinkage Dominates ‘Time Yield, " Am.So¢. Test.Mat: Proc. -
41:1021-1031 1941." :

Ab4], - Smith, F. C., and - Brovm, R. Q.-
"The &earing Strength of Cement Mortar,! Univ. of Washington
Engr. Bxp. Sta. Bul. n.108, Feb.- 1941., ' ) o

Report of triaxial compression tests on cement mortar;
use of Mohr diagrem; cohesive strength and angle of .
internal friction.
Ab39.  ©  "Tests on Concrete Masorry Units," Am.Conc.Inst.J.36:121
Nov. 1089, )

{

~This paper presente resulis of a series of t)sta to shmv
the effect of two different types of mol}}*ug, vibration
and tamping, on strength and other factors of conmcrete.:
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Gilkey, HJ.;- and Murphy, G.

b\

"Stress-strain cl:\practerlstlcs of mortars and concretes, "

Am., UocoTesbaMahePrOCq 38pt. 1: 318 1938.

Gives reaults o;%‘extenaive series of-tests;
stress-straln culbves;

on strength and stress-sirain characteristicso

Morey, G W™

"Propernes of Glass,"

' Gonnerman, H.F., and Shuman, E. Co' - ‘
"Compression, Flexure and Tena:on Tests of Plain Loncrete,"
Am, Soc, Test.Mat,Proc.pt.2 28:527-564 1928. ‘

includes many
ghows influence of aifferent factors

Reinhold Pub. Co. 5_6.1pp 1938, -

P

by e investiéation described in: this paper was made for ths

~ pyrpose ¢f determining the éffect on the flexural
strength of plain ¢oncrete of some of the factors w ich are
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to influence the compressive strength.'
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Ac. STATIG TEST CHARACTERISTICS---UNREINFORGED

“ . MASONRY. STRUG‘TURAL ELEMENTS

i

Af49 "Chalmers Teknisk8---", Aa4d3 Plummer, Aa50 Plummer

Feret, L., -and Caen, F.

"Jechanical Resistance. of Mas«)nry, " (1n g‘rench)Imt-. tut
“Technique du Batiment et des Travaux Publics Cir Serie I
'n.37, Oct. b5,1947 (19 IR

Study of causes of failure of various types of structures,
influence of joints studied by tests, wall elements with
high mechanical resistance comnnected with poor mortsr rerder
resistance ‘greater than that of mortar; influence of typs:
‘of mortar. -

“"Dry Block Panel Shot with Jet -Crete," Construction Y
Methods v.30 n.6 pp.%6-8 Ju%e 1948. '

Description of dry laid cédnerete blocks:, sandwiched between
two layers of Jeft-Crete (air-eppl:.ed concrete) tested in
bending. "

"Cracking Tendancies -in Brick or Stons Masonry Walls at
the Structural/’ Slab," £m, Conc Inst.J. 18: 606-6 Jan,1947. -

V4

"Breathing Walls of Briok and Tile, A New(Masonry v
Conception, ™ Brick and Clay Rec. 102:14-16 April 1943.- ./,
(e
Syqeet, H A.

- "Resistance of Brick Walls to Wind,™ Engr. News Rea.

Wh

131:630-1 p.21, 1943, Discussion: 131:734-5; 132:5%,
318-19; 133: zz.“ , S o

, Molloy, E.-

y oo

"Br:lckwork and Masonry, " Chemical Pubx.,Co. 140pp. 1942.

- "Tasting New Maeonry Units, National Bureau of Standards, "

“Rock Prod, 44 -70. June 1941, . . C,
ittemore, H.L., and Stang, AH \\ .
"Methods of Determining the Struct\ml Properties of

Low -Cost House Conetruction,™ Building Meterials and

. Structures Report No.2 (BMS 2)y Bureau of Standards 1938.
Report g1vee complete/ nstructions com:erning the prOcedure
*t0 be used in testing walls, partitions, floors-and roofs
in the series of tests to follow. Loading types to be used:
compiression, tranaverse, concentrated load, impact load,-

and recking loads. , - - \
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~Ac34.
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Ac31.
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Aoz8.
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‘Acl6. / Vs
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Whittemors, Stang, and Parsons -
"Structural Pﬂqpertles of Six Mesonry Wa11 Construction, " .
BMS 5 Bur. Stahd. 1938, .

Report of tests made on walls by procedure given in BMS 2.°
Walls were of brick, clay tile, and concrete block. Report
gives complete data on different types of loads and correspond-
-ing typical failure features. Several load-deflesction curves.:

Conner, C.C. .
“"Resultant Separation Cracking Between Various Mortars and Brick
in Existing Brick Structures," Am,SocaTestnMat v. 34 pt 2 1934.
Richart, l(oorman, Woodworth
. "Strength end Stability of Concrete Masonry Walls,"
Univ. of Ill.:Bul. No.: 89, July 5, 1932.

Tedt results on: types of mortar, design of units, deforma- -

tions of axially-loaded walls, walls under eccentric loading,

flexural shrength of walls." N . :

/f - T "

Kelch, Norman W,"i * T
. "Methods Uséd in Testing Masonry Specimens for Bending,
Tension, and Shear, " Am. Ceram'lc Soc Jo Vo 14 Feb.  1931.-

Glves results of testing of 24 walls, 4, 5 ft. wide, 5.5 ft.-
high, some 8 inches and some 12 inchés ‘thick. It was ghovm
""that aging of lime-mortar is essentiel. - Brick masonry
,withstands eart\..‘iuake shocks when mortar )3 matured by ageinso
McBurnoy, Jo W
" "Effect of Strength of Brick on. Compressive Strength of
Brick Masonry, " Am. Soc. Test.Mat.Proc. 28pt.2:605~634 1928. -

Data presented on tests of 186. brick walls with different
makes of brick, methods of testmg, tables of comp. strength.-

Whittemore and Stang
"Compressive Strengths of Sand—Lime Brick Walls,
‘Bur. Stand. Tech. Paper nn276 v.19, 1924-25.-

Mo gives some results of tenaile teetsn
o
Ingberg, S.H.- "
"Factors Affecting Brick Masonry St»ensth " Am. Soc. Test.
Mat.Proc. 24pt.2:909-919 1924.

Description of brick masonry, test methods and effects,
strength properties of individual bricks; compressive
strength of masonry, ratxo of masonry strength to brick

- strength.,

Kreuger, H.- o o

"The Strength of Brick Masonry, " (In Germean) -Tonindustrie

Zn tung” 40:597-633 1916 L .
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Mendenhsll, John D.

' . tive methods.

‘Holmberg, A. -, . o

. and meximum strain; computation of reinforcement requlred to

Parsons, D.An -and Stang, A.H.
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STATIC TEST. PROPERTIES~~-REINFORCED
CONCREZYE STRUGCTURAL: ELEMENTS T
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"Diaphragms of Re1nforced Hpncreteq" paper presented ut
~ National Spring Meeting of "Am,  Soc. Clv*l_E?grS , Los
Angeles,'April'lgso° Y e
e B
Anelyédis of concrete shear well: analyaed by five cumpare- "
Flastic stability investigated.- Cali i Div.-
of Arch. allowable stresses. Analysis of floor of ten-)tory
building. Influence of. construction joints and slab anchorage°

"Cracks in Lower Part of Concrete Wall " (In Swedlsh)
Betong v-33 % 3 pp. 144-9" 1948

. Development of .equations which g1ve crltlcal length of wall

3701d ‘eracks.

"Tests of Composite Beams end S;abe of Hollow Tile. and
Concrete," Bur,Stand.J: Research v.4 Research Paper

n.181 June 1930. \
'Parsons and Stang "Q¥
"Tests of Hollow Tile and Cdnerete Slabs Reinforced in
One Direction," BurnStanduTeoh Peper No. 291.- %\
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Ae.- STATIC {cEsT CHARACTERISTICS~~-REINFORCED

MASONRY. STRUCTURAL ELEMENTS

Conve rse, Frederick J

"Tests on Reinforced Concrete Masonry, " Bldg. Stand.
Monthly Feb. 1946.- (Reinforced Brmk Masonry)

Teata made of wall panels in flexure, core beams th flexure,
and hall panels in racking or shear.: Conclusions* walls
behaved™ der test according to princ:Lplea o;t‘ reinforced
concrete design.' (All test specimens .were of reinforced
Much specific test- data and curves given.

Pippurd A.7.8.

*The Approximate Estimation of Safe Loads on Masonry '
Bridges, " Symposium of papérs on wartime engr, problems,
InstsCiv, Engfs, 1945,

Calcﬂla"tiors\a,nd analyses of arch bridges and other types,

‘considerjag different . variables and solving for tensile

ressive sirengths of the elements of the bridge;

. a8 wall as thrusts and reactions of other elements.: The"
" ability of mortar to take some tensile stresses is adhered -

to in this analygm.

"Reinforced Brigk Masonry Passes First Real Test in Galifornia

Earthquake, " Brick and Clay Rec.- 100 34-%6, Feb. 1942, -

VAugh, M.

"Reinforcéd Brickwork, " _Univ.- of Missouri Engr. Exp ‘Sta. .
Bul. vol. 29,n.5'7, 1938.

Gallusher, E.F.-

"Bond Between Reinforcing Steel and Brick Masonry, " Brick and
Glay Rec-_ 86:92 Mar, . 1935.

Vaugh, M. and lloaher, A.

"Record of Reinforced Brickwork ;ln Indian- Earthquake, "

Engr.News Rec. 115: 7:58-9 Nokv. 28,1935, o b
Little damage to properly designed bldgs. . Weeknesses in
ordinary brick buildings are as follows:
can not withstand lateral forces; bldg. offers little

"resistance to twisting; verticel walls varied in damage with
, type.of mortar used more than with any other observed factor;

not tying parts of bldgs. together---applies especially to
walls and ceilings.  Little difference in demags sustained
by reinforced brickwork and reinforced concrete. -

Lyse, Inge -

"Toats of Reinforced Brick Columns, " Lehigh Uhiv. Pub. NooG,
June 1954. . . v
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he34, Withey, M.0. | R

"Tests on Reinforced Brick Masonry Columns;" Am. Soc Test.
Mat.Proc.pt.2 34: 387—405 1934 -

"The results indicate that the column strengthk varies
directly with the strength of the masonry and the per- .
centage of longitudinal-steel, and is increased by the
-use of lateral re1nforcemento Strengths of 5000 psi
based on gross area and over 7000 psi on the cores
after shell spalling were attainedo"

An33. - Hansen, James H. ) ' ' o

i

"Developments .in Reinforced Brick Masonry, " Am. Soc. Civn
Engra.Proc., pt.l 59:407-427 19630

. "This paper contains a brief history of the development of
reinforced brick masonry to the time that engineers in the
U.S. became interested in the subject. - Its development is
then given in detail by analysis rf tests. "

Ae35, - McBurney, - J. W.

Lo on L araos uvptmie vy St e

)

‘"Discussion of !'Development in Reinforced Brick uaeonry' "
- Am. Soc.Clv.Engra.Proc.SQ 1344, 1933. N

>

Ae33. wi they, M.0,

Ae32.-

Ae32.- Whittemore and Dear

v

Sy
P

"Tegt®s, on Brick Maeonry Beans, " Am. \‘Soc.,Test,Mat., Proc
33pt.2: 661-669, 1933. ‘

uaking and testing of brick masonry beams,- Proof of
validity of using reinforced concrete design procedure
for deeign of réinforced brick masonry beams.-

T !’)3

© AeBR. -Parsona, Stang, and McBurney

“Shear Tests of Reinforced Brick llasonry Beams, "
~Bur, 8% e.nd. J.Research 9:749 1932 (Research Paper 804) .

Description of 8pe Gmens and testing methods' reeults

. of besms tests: de¢Pormations in-beams, positions of

neutral axis; load-deflection curves,etce
"Raport of Committee on Reinforced Brick Masonry,

Nat.Brick Mfgrs.Assoc. Reeearch Fndn., Reports 3,4, 5,
7and 6. 1932.°

"An Investigatioh of the Performance Characteristice of
Reinforced Brick Masonry Slabs,' Va.Poly.Inst.Bul.No.9
June 1952. -
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Ae31.

o /;31)

Ae23.
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Extensive series of tests run on reinforced brick e
masonry slabs.  Gives test. results including strength -
‘of brick. and mortar used, absorption of brick, load deflec-
tion curves, momsnit vs strain curves, measured vs calcu~
lated stresses; lists factors affecting strength of re-
inforced brickwork. A comparison of the performance
characteris}ica of reinforced brick masonry slebs.and..
reinforced ybncrete alabs.
A

Lent, L.B,y .
"Reinforced Brick Masonry,“ Am. Ceramic Soc. J.- 14 469-481,
1931. i .

@ |
A descriptive presentation of the practical use of rein-
forced brick masonry is. given together with a historical

" survey of the development of its use,

Brebner, A.
"Notes ‘on Reinforced Brickwork " Govt° of India, Public
Works Dept. (Calcutta), Tech. Paper No. 38, 1923.
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C TEST CHARACTER,ISTI.CSQ—-MASONRY CONSTRUCTION PRACTICES
- . . !

Aa50 Plummer, Aad3 Pl‘ﬁmer‘

W

Shield, John E.

"Reinforced grouted brick masonry provides wall re-
sistant to lateral forces tmd to damage by fire."

Pamphlet, South West Builder and Contractor,: for
Brick Manufacturers Assoc. of Southern Calif‘orn*a.
April 27, 1951.

- "Building Code Requirements for Reinforced Masonry,"
Con¢ridte Masonry Mapufacturers Assoc., 3160 West 6th St.,
L;Al 5’ "(o\‘lifornia, ZJ.DP: Aug-l, 1950.

¢
Kelch, Norman W,

o

w7

"Some Properties of Reinforced Grouted Brick Masonry, " ey,
Am.Soe.Teat.l(at Bul.No. 168, Sept 1950 o

Article gives basis for design of reinforced 3routed
brick: ‘masonry in Southern Cahforn:a,. excerpts from
“building 'codes with working siresses; description of
"gonstruction practice; and results of recent tests on o
mortar, grout, and brick assemblies. N )

"Building Conatruction Code of New York C:lty, 1950" ’

‘The code states that the individual cementing agents
(quicklime, hydrated.lime, portland cement) must
meet the asppropriate ASTM specificationms.:

Specifications for mortar proportions are as
.follows: Lime mortsar, one part lime putty or hydrated
lime and maximum of three parts of sand; cement lime .
mortar, one part lime putty, one part cement, maximum .
of six parte of sand; cement mortar, .one part cement

and meximum of three parts of sand and almost 15% of
cement sontent can bs hydrated lime or lime putty.

Tensile strength must be at least 150 psi at age
of 28 days by standard test.

Mesonry units must be tested according to proper
ASTM specifications. for given type of unit.:

No specifications are given for br:lck reinforcement,"

Buildins 0fficials Confsrence of America '

"Basic Buﬁlding Code, 1950"

Givea essentially same material in regeard to masonry as
that given by the New York Building Construction Code~--
Bee Afbo above.

N -

o

b




h

Af49.- Kblch Nbrman W,
' "Design and Construction of Reinforced Grouted Brick
Mesonry and some Properties Relating thereto, ™ Phper
. prepared for presentation at lsi Pac., Area National
4 - meeting of Am.Soc, Test Mat ., San Franciseo,Calif.,
' Oct. 1949.

AP4S, . . "Ghalers Tekniska Eogskolas Handlmgar, ” No.8g4,
. (,Gothenburg, Sweden, 1949. - ‘

‘ , Gives ultimate stresses in magonry e lements and mortar;

v . data on flexure tests of masonry materiasls, scme stendards
¥ from different countries on allowable and ultimate stresses.-
Fnglish summary and bibliography with 52 references included.

A£47.  Wailes, C.D.; Jr.: :
"Reinforced Concrete Mesonry Design," Concrete 55:23-5,
.+ December 28, 1947,

vAShows typical placement of reinforcement in construction
of walls foi- small houses, connection of’ wall and roof...

Ar47, " "How to Construct Walls of Reinforced Brick Masonry,"
. '~ Brick and Clay Rec. 11C:35-39, April 1947. ,

Information given end wall sections shown in diéérém ney
be used as a guide for small 1natallatione of reinforced
brick maaonry. . RN '

‘A46.-  Griffith) T.R.
« "Construction Design Chert, " Weatern Constr, News 21: 105,
L Nbv.“1946‘

Ve

Dcs*ﬁn chart to ‘determine flexural strength ot reinforced
briek masonry beams with balanced tensile reinforéing.
Nomograph for design of reinforced brick masonry beame.
;"
. Af45, - Bowen, M '
, "Design Tables and Graphs fOr Reinforced Brickwork "
‘e .~ Surveyor v.104 n.2764 Jan, 12,1945, (Also No.«~ 2765 -
"~ pp. B1-3,’ J’an.klg 1948, ) )
) | aw ) ,
_ Review of British Stendard 1146-1943 which’épegifies that
fundamentals of design and enalysis of reinforced concrete
“.should form basis of brickwork standards; table gives
sizes of steel needed, economical design constants for
.y reinforced beams and-slabs and permissible loads for
y axial and eccentric loads on columns.
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AP45, "Steeltyd Reinforced Grouted Brick Masonry Design, ™ -
~ Davidson Brick Company, 4701 Floral Drive, Los Angeles 22,
Calif,;,” cl945."

Design of walls, columns, bond beams, footings; rectangular
beams; enchorage of joists to walls; bending and direct
stress of columns; horizontal trusses; distribution of
lateral loads to shear walls, general tests, 1nspection
and calculationa. ‘

Af44, "American Standard Building Requirements --- Masonry,™
American Standards Assn. Adl.l, 34pp.; 1944, (See also:
Tndus.Stendardization v.15 n.3, 1944, p.3709; Cer.Age,

v.44 n.1, July 1944, pp.26-7.) : )

Af3l. ' "Modifications in Recommended Minimum Requiremente for
) Masonry Wall Construction, "™ Building Code Committee of Dept.
~ of Commerce (Supt. of Documents, Govt.Printing Office, )
Washington, D.C.) 1931, ° S '
Amendment to "Reco ended Minimum Requiremerts for Masonry
i  Wall Construction,"[prepared in' 1624 by same Committee. P
(See Af24.)

o P

Af29. Lent, L.B. )
"Possibilities for Reinforced Brickwork," Engr.News Rec.-

o be. 21, 1929 pp. 304-308. -

Includea ‘a survey of practice and tests in India, where
such construction‘has been used for floors, roof-~.. stair-
ways, bridge decks. lintels, and cornices.- Vw/
Af24. . . "Recommended Minimum Requirements for Masonry Wall i #
Construction, ™ Building Code Committee, Dept. of Commerce E

(Supt. of Documents, Govt. Printing Office) 1924,

' Appendix contains an’ extensive bibliography of tests
of masonry.' See Af31.- ,

AL?? "Handbook of Building Regulations - Making of Building
Laws™ (Denish).-

Gives specifications for reinforcement in reinforced cn
concrete firewall,:

"The Building Comtiission does not consider lime mortar
as responsibly prepared if it does not contain at least
7&% chalk hydrate. Carbide lime is not allowed for use."
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Ba.- DYNAMIE TEST CHARACTERISTICS---BRICKS,

No references in this section.:
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Bb.: DYNAMIC TEST CHARACTERISTICS--—PLAIN CO‘{CRETE, MORTAR, GLASS

Bbag. Watstein, . D.
MIhvestigation of Properties of Plain Concrete Under- Impact,"
Building Technology Div.Bur.Stand., Washington, D, C., 1949.
(Available on micro-film also) »

Summary of Results: The impact tests made on 1 1/2 by 6 in.
cylinders covered a range in rates of straining from 10
in./in second to 0.8 in./in per second, with the lcwest rate

" corresponding to static tests.- The average static streng:ch
was 6570 psi.  The dynamic specimens were tested in three

- cerios of tesis designaied as series A, B, and C. The dure-
tion of impact in these three series were, respectively:

. 0.78, 0.,0112, and 0.0025 seconds, with the corresponding
rates of stralning being; respectively, 0.002,.0C.148 and
0.81 in,/in per second.: Results show that the compressive

- “sirength of gsoncrete increased only slightly for rates of

. straining up to sbout 0.1 in/in yr second.” Further increase

in the rate of straining to 0.8 in/in/sec (Test C) was

- ., accompanied by an increase in the compressive strength of A
48% as compared with the static stremgth of 1 1/2 by 6 in.
specimens. The dynamic secant modulus of elasticity, how- ,
ever, increased roughly to the -same extent over the static
value for all rates of straining; the ratios of the dynamic

. to static moduli were 1.18, 1.25 and 1.21 for series A, B
- and C respectively. Teést A gave dynamic strength of 9.5%

' greater than the static strength of 6570 pei, while Test B
gave same dynemic increasse in strength (9.0%). The static
E was about 4.11 x 10® A later series of tests (F). made on
3 by 6 in. cylinders gave the following results: Dynemic
strength 456% greater than static strength, dynamic E about
_16% greater than the static (secant) E.  Thé rate of strain-
" ing in test. I‘ wae considerably greater than for the tests A,
B end C.

Bb43.. Nutting, P.G.

"General Streas-Strain—-Time Formula, ¥ Frankl:ln Inst. .T.

"Detailed discussion of é\aneral law of deformation
. advanced by author, whick is relation between stress,
e strain, time and constant (a) representing ease of
yielding to stress or deformability; formula developed
_covers whole range from elastic solids to viscous
liquids #nd hae found favor in research on paints,’
placties, asphalts, and food products." Bibliography.-
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Bb36.

Bb35. -
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Evans, R.H.

"Effect of Rate .of Loading. -on Mechanical Properties of
Some Materials," Instpn. Civ. BEngrs.J. v.18 n.? and 0,
June 1942, PP- 296+~306. and Oct.: . PD- 565‘70

Study of effect of rate of loading upon,. crushing strength
of rich and lean mixes of concrete, and yield point,
ultimate or tensile strength, % elongation, and reduction
of area of mild steel. .

Obert, L., and Duvall, W.I.-
""Discussion of Dynamic Methods of Testing Concrete with
~ Suggestlions Lor Standardization, ' Am.Soc.Test.Mat.Proc,-
41:1053-1071  1941. ‘

"'To assist in standardizing the dynamic methods of teeting
concrete, the urderlying theory, apparatus, effects.of
moisture, end size of specimen have been studied and the
rindinga presented herein.” ' /

.- Jones, P.G., and Richart,” FEﬂ
"The Effect of Testing Speed on Strength and Elastic
Properties of Concrete, " Am. SocoTestnMat Proc. 36pt.2:
380-392, 1936. v {" .
Description of tests run on 6. by 12 in. cylinders.
Test results: stréss-strain curves, relation between

strength and rate of loading, creep of concretq during .
test, secant and tangent moduli. - '

Preston, F.W. ‘ Ty
"Time. Factor in the Testing of Glassware," (Observations
by G.A. McKee), J.Am.Ceramic Soc.18:220 1935,
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Be. DYNAM\EI C TEST CHARACTERISTICS~---UNREINFORCED
' -MASONRY STRUCTURAL ELEMENTS

See also: Ac38 Whittemore, Ac3E Parsons
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Bd.- DYNAMIC TEST PROPERTIES—--REINFORCED CONCRLTE
STRUCTURAL ELEMENTS

See also:. De35 Glanville, Dc32 Fox
Ba&0. - ijnrd Wella, and Others
MBehavior of Structural Elements Under Impulsive Loads, "
Wi a report submitted by MIT to New England Div., Corps of
: Engrs., Dept. of the Army, in completion. of contract no.
W-19-016rengr.~5215-' 186pp. April 1950°

"This report presents a description of the -xpcrlmontal
techniques, the results, and the conclusions from a
. series of laboratory invedtigations on the bebavior.
© .of reinforced concrete beams and one way slabs and all
©. _ soteel beams subjected to static or impulsiye loads, ard
o the prq}iminary study of the behavior of pliin and
. reinforced concrete ahear wells under the action of
’ static loads." .
BdS0i©  Penzien, Toseph and Ofjord, A. .
o "Resistance of Impulsively Loaded Reinforced Concrete
Beame, "' Informal Interim Report #2, MIT to New BEngland
o . . District, Corps of Engrs.; Lontract W-19-016rengr.-5215
~1980.- .

Bass. | Hemsen, R.7.;, and Wilbur, J.B.-

"Behavior of Reinforced Concrete Structural Elements
> Under Long Duration Impulsive Loads," report aubmitted
%0 New England Div., Corps of Engrs., 1049. N

]

Part I, Summary Report: Outline of 1n#estigation;
objectives For different phases of progrem.
o Part II: "Behavior within the Elastic Range": The
v principal conclusion reached from the study of beems
loaded staticelly and impulsively in the elastic range
of behavior is that the elastic dynemic theory is applic-
able for predicting the elastic behavior of structural o
‘glements subjected to impulsive loading conditions.
Part III: ‘"Behavior within the Plastic Range®: - Among
the number of conclusions drawn from the investigations
are the following: Within the plastic range, simple
beams are stronger when subjected to0 impulsive loade than
they are under static loads of equal magnitide.«~--The
upper limit of the plastic range is reached when the
permanent central deflection is approx. egual to 1/32 -
. of the span length of the beam.---Over-reinforced beams
» : appear. to have no plastic range; they fail suddenly and
o "compleiely~~-For a certain range of dynamic rate of
straining, the stress-strain curve over the first 3%
strain, 'is raised approx. 40% over the stetic velues.---
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Rd48,

,,, \ Ba4a, -
Badg.

- Bd485. -

If the duration of the load is greater than a time
approx. equsl to the fundamental pericd of vibration
of-the beam, the effect of increasing the duration

of the load-is negllg1b1e on cau31ng addltional demage
to the beam.

Part IV: "Design, Construction and Operation of Slab
Machine™. (An insufficient number of tests have heen
run so .far to permit the drewing of any general conclu-
gions regarding the behavior of slabs under impulsive
loads. These results ahould be forthcoming in the next
few months.) .. :

[

Hengen, R.Js 3 o

"Controlled Impulsive—Load Testing Machine, " Exp. Stress
Analu Soc. Proc. v. 6 n-2 ppo 64"67, 1948- )

Hansen, Re Jo 4

"Long -Duration Impulsive Loading of Simple Beams, " Bost.*
Soc.Civ.Engrs.J. v.35 n. 3 pp.2372-285, July’ 1948-

Hansen, R.J., Penzien, J., Steyn, K., and Wilbur, J.B.-

.

"Behavior of Reinforced Concretc Beams Under Long Dura-
tion Impulsive Loads, " - report submitted to Engr.-

Research and Development Labg.; Fort Belvoir, Va.-

Presents the.reS}lts of lab investigation of 142 reinf.-

cone. ' beams made to determine their structural behavior under
the action’ of impulsive losds. Describes repid load machine
md test procedures and results.’ "The primery purpose of

the investigation undertaken by the MIT has been to deter-
~mine the permigsible design stresses\@or use in the deaign
of structures to resist blast waves of about 0.5 seconds
duration, w=="

Simms, L.G.-

5

e

"Actual and Estimated Impact Resistance of Some Rein-
forced Concrete Units Failing in Bending," Inst.Civ.-
Engrs. J.» n.4 v.23 pp.163-179,, Feb. ' 1945,

Tests to destruction of slabs and of simple beams de-
signed to fail in bending. Tests on mild steel rein-
forcement. Iipact tests performed by means of a falling
mass.  Tests show the limits of deformation in bending

..0of some simple .reinf. conc. beams_and slabs occurring . . .

after the steel had yielded or after the conc.  had
crushed.” The form of damage was roughly the same under
elther static loading or impuct, ' The damage due to im-
pact was reasonably predicted. from consideratiomns of
energy absorbed under static loading, used in conjunction
with a simple energy equation, in which a reduction fec-
_tor had been derived from considerations of an elastic
material.
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Bdda.

Bd44.

BA43.

'Bd4z.

BN}

Munse, W.H., and Richart, F.E.
"Impact Teste of Reinforced: Concrete Beams, - ITI,"
NDRC Re poxt no. A-304 (OSRD 10, 4490) 1944°

Effects of gsize of bearing plateand rqpetitlon of load-
ing, span length.: The chenge in static characteristics
of a beam due t0 impact loading was found to be & good
measure of the damage; beams weaker Jnurepeated impact
loading than in a single impact loading} - strength of
concrete not an important factor in beams with ade-
quate web reinforcement. N

Wilbur, J.B.

"Dermissible Stresses for Use in Design Based on Elastic
Analysis of Reinforced Concrete Besms: Acted upon by
Impulsive Loads," Informal Progress Report No.23, Engr.:
Studies of Principles of Design of Fortifications and
Other Structures. (MIT) 1944.

Wilbur, JoBo-
-"Revised Procedure for Designing Roof Slabs to Resist
Bombing, " MIT Informal Progress Report No.' 24, 1944.

e W

JKluge, R.W. ’ @

= "Impact Resistance of Reinforced Concrete Slabs, "
Am. Conc. Inst. J. 14:397-412  April 1943. .
A report of the tests conducted at the Bur, Stand for.
“the Maritime Comm. The primary purpose of the tests:

~ was to compare the behavior under impact load, of slabs
with and without supplementary reinforcement in the.
form of overlapping spirels. Describes apparatus and
tesﬁ& deflection curves.: 16pp.

qewmark NZM., and Richart, F.E.- -
k *Impact Tesis of Reinforced Concrete Beams,II,"
# NDRC Report No.A-213 (OSRD No. 1751).

Description, results, and conclusions of tests made on
the effects of web reinforcement, longitudinal steel,

strength of concrete and- horizontal construction joints
under impact loading. Web reinforcement found more im-
portant than longitudinal eteel in impact---grade and

amount of steel unimportant.:
except under great impacts.-

Construction jointe or
scabbing plenss unimportant.

Wilbur, John B.-

"The Analysis of #lastic Structures Acted upon by
Impulsive Loadings, " NDRC Report No. A-~219, OSRD No.1915."

Analysis of beams, one-way slabs,

)

continuous beams,
)

)

two-

Conc. stirengths unimportsent

28
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Bd42.-

o
o @«

[l

Bd4z.-

A

Robéi'teon, H.P.,

way slabs;.gsneral theory of the effect of impulsive

loadings as applied to flexural members; quentitative
treatment; bibliogvaphy. ' o

and Slutz; “R.J. )

" "The Reactions of Thin Beams and Slabs to Impact Loads,
Part“I, General Theory; Part II, Beams," National Re-
search Council, Comm. on Passive Protection against
Bombing, Interim Report Nos.' 13 and 14.-

Richart, F.E., and Newmark, N.M..

"Impact Tests of Reinforced Concrete Beams " NDRC Report
No. A-125 (OSRD No. 1105). L7

Description of testing equipment used for-static and im-
pact load tests on beams; intermediate and high gz)z*ade
steel as effective as structural grade steel in concrete
subject toc impact.  For low velocity impacts and low -
energy, beams act as if statically loaded.  For low veloc-
ity, high energy less difference between steel types.: For
high velocity, diagonal tension failure.
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Be. DYNAMIC TEST CHARACTERISTICS---REINFORCED
MASONRY STRUCTURAL ELEMENTS
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Bf. DYNAMIC TEST PROPERTIES---METALS

Hangen, R.J., and Others .

-~ "Bghavior of Structural Elements under Impulsive Load, "
MIT report to Corps of Engrs.: (Final) “Paryg. I, April 1950,
art II, Nov. 1950.

o
p

BE50. / -Homes, G,, and Gouzotx, Jo-

Bf49.

BL49. -

- Bf48. °

"On the Mechanism‘of Metallic Fracture, #° (From "Revue
de Netallurgie, " v.qy7,m 8, Seépt. 1950, pp. 678-694). Review
in Engr‘a Digest v.XII, n.2. pp. 40~44, Feb. 1951,

"The present article describes preliminary, purely ex-
_perimental, investigations into the mechanishm of
fracture in simple tension of small standard flat test
specimens of zinc and mild steel.™

Buoklin, Grant
."The Extrapolation of Short Time Stress Rupture Data, "
. Navy Bur. Ships m"v-49 Oct. 1949." h
Kramer, E.H., and Lunney, EhJ. X
"Dynamic Measurements during Aircraft Landinge " Soc.
Exp. Stress. Anal.Proc.v.7, n.l, pp.83-102, 1949.

. + Dynamic loads during landing impact. Accelerations,
~/" landing gear loads, rate of descent, tire and strut
deflection. Six widely different aircraft typee. ’
Shanley, F.R. '
"Analysls of Streer-Strain-T:lme Relatiotis from the
Engineering Viewpoint,™ (Preprint of paper 1o bs pre-
‘gentéd at the second Sympoeium on Plasticity, Brown
AUniv., April4-6,1949).

"Strees-strain_diagrams for,varioue losding histories
are developed by a step-by-step process in which elas-
tic action is assumed to be'instantaneous and revers-
ible, while plastic action is assumed to occur at
constent stress, as a function of stress, time, and
the extent of plastic straining."

Clark and Wood
"The Influence of Rapid Load and Time at Load on: the
Tensile Properties of Several Alloys," CIT report to
AAF Air Material Commend, Contract w:sa-ess-ac-uloz(lsws)
June w 1948e .
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Bf48. Clark, D.S., and Duwez, P.KH.

"Discussion of the Forces Acting in Tension Impact Tests
-« of Mgtpriala," J. App.uech,v.15,n.5,pp3243~247,5ept.3948-

"A method of measuring the forces acting on a specimen dur-
ing a *araion impact test ie described briefly in this
_peper)*™ Part of conclusions: . "The principles of the
" propagation @ plastic. strain provide a clear interpreta-
tion of the force measurements obtained with a dynamometer

disgrams. Bibliography.

'~ Bf48. - Thoraton, D.L.

finpact Loading of Structures," -Engr., v.165,n.4292,
PD- 4094412, April 30, 1948

Applications oecur in gins, ships and fortifications sub-
ject to effacts of explosion or impact, in dams end other
structures in seismic¢ regions, and in development of metals
for forming; two formulas given with which in rapid loading
of structural system of given type, measure of damage or
intensity is best expressed; thes¢ formulas are mutually
consistent; (1) implies knowledge of amplitude, while (2)
implies knowledge of time involved in action.

Bf480 ) White, M.P.-
s "The Dynamic Stress-Strain Relation of a Metal with a Well~
defined Yield Pointy" 7th Int._Concr Appl.- Mech.Proo.pt 1
PP. 329-343, 1948.

Bf47. . Sachs, G.; Zemer, C., Dorn, T.B.; ‘and Others :
"Fracturing of Metals," 3llpp. FPublished by Am.Soc, for

w o Metals, Cleveland, Ohio, 1947.

AY

A seminar on the fracturing of metals. Following gives
titles of typical subjects treated: "The Micro-Meghanism
" of Fracture,”" "The Effect of Stress State on the Fracture
Strength of Metals," "Effect of Strain on Fracture." .
Includes 14 other similar grticles.: Bibliosraphies.
o AV [
Bf47.- Suepler, Paul Ri- : .
) "Explosive Impaet Tests," Soo. for Exp Streee Anal. Enoc.'c‘
v.V,0.1,pp.1=25,1947." .Y ‘

" "The research that will be presented in this paper is
concerned with the comparison of materials under high
speed tensile impact with static tensile conditions."
One of conclusions is that for all the materials tested,
strength increased with the strain rate.  Important tests,

gives curveq§ shows equipment used. Extensive bibliography.

" +in tension impact testing." Gives siregs-strain and other

PES
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Bf46.

Bf43.

W

Bf43.

Bf4z.

Wmdenburg. D.Fn ‘ v A e

"Significance of Impac¢t-Test Dav *\Design of Engineering
Structures," Product. Engr. 17:81+3 " Sept 1946. -

~‘Charpy impact test curve (impact energy vs temperature).:
Discussion of ductiiity of metals and the effect of temp.-
on’ impact sensitivity, transition temps of metale, tests
“at low temp., Conclusion: materials used under tensile
loading, especially at low temd., should be given impact
test.-

Bridman' P.W.: °
"Plagtic Properties of Steel Under Large Strains and High
Stresses, Final Report " NDRC Report No. Ap294, OSRD 4256.
Oct.1944. .

Dohrenwend, G 0., and Mehaffey, W.R.
"Dynemioc LOading in Desisn," Mach, Design'i§.99-104.
June, 1943. - i

” Contains good bibliography. - )
7

Seitz, Frederick
"Tbe Testing of Metals in Compression at High Ratea of
Strain, " NDRC Nb.Arl74 OSRD 1388.

. Seitzﬂ~Frederick, Jr., Lawson, Andrew W" and Mlller, Park

"The Plastic Properties of Metals at High Ratee of
Strain,ﬁ OSRD 495, April 8,1942. <‘5
Murphy, Glenn
"Stmss-Strain-—Time Charaeteristics of ‘Materials,"
" Am. Soc.Test. Mat Bull. No. 101, pp: 19-22, Dec.1939. "

Qo
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BLAST LOADING-~-PROPAGATION ANIj DECAY. OF BLAST WAVES ~

Makino .
"The K-B Theory of the Propagation of Spherical Shock
Waves and its Comparison with Experiment, " BRL-750,
Apr.l 1951+

K3

~Davies, R. M. and Taylor, G.

"Vertical Velocity of a Large Bubble when Change from a
- Very. nght to. Heavy Fluid is Discontinuous," Royal Soc.-
Proc, Series A v. 200,n.375, 1950. ’

”

. Edmonson

Pike

"Normal Coupling Conditions Between Detona'uon Waves in
High Exploeivee and Shook Waves, " F:lle no. APL-BBW-192
June 1950.: .

"The Effects of Atomic Weepons, " U. S. Dept. of Dofense

"Purpose of book .is to present, as accurately as is pos~
sible in the light of present knowledge, a technical
sumary of the results to be expected from the detona-
tion of atomic weapons." - ..

Gives analytical treatment of air, ground and undorground
and underwater atamic bomb hurate, shows pictures of de-
struction in Japan, Bikini; treats radicactivé effects,
effects on personnel, protective measures,"

Ly

"Mechanism of Detonation, " Neture 168: 214, -'195‘0-

_von Neurann and Richtmyer

"A Method for the numerical Celculation of Hydrodynamic
Shocks, " J. Appl. Phyaies 21: 252, 1950.

Payman, W., Shepherd, W. F. C.:
"Explosions and Shock Weves," Ministry of Supply Adviaory
Council ‘735 Phys/Ex 98- (2-12-157). 1941. .
Winckler-Von Voorhis Panocky Landenburg HDRC Der 2
OSRD No. 5204 1945, : '

Taylor, Geoffrey

u."'

"The Formation of Blast Wave by a Very Intense Exploaion, L

Royel Soec.Proc.v. 201, n. 1065, pp. 158-174, M_a;'. 1950

” Taylor, Geoffrey

"The Formation of a Blast Wave by a Very Intense Explosion,
II~~-The Atomic Explosion of 1945 in New Mexico," Royal
SOO- PrOOUVc 291, nu 1065,pp- 175-186, Marclng )
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Cab0. - - Westervelt, Peter J.- )
e T o "The Mean Pressure and Veélocity in a Plane Acoustic
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* Jl _ ' Block, Dec.'z'?, 192@, " Princc,ton Univ,Dept. of l’hysica L
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. ) ‘"Effect of Dynamic Forces on Structures, " Int. Aqsoc. Bridge
= : @ Struec. Engr.; 3rd Cong. pp. 689-6017, Sept. 1948.

A

4

. Contents; The nature of dynamic load as produced by explo-
gives and impact; the properties and behavior of some build-
ing meterials under the acticn of dynemic load; characteristic.
deformation propdrties of columns, beams and slabe; questions
with, regard te their mode of function in var*oue structural

€ syatoma.
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. L ’ . " "On the Reflection of a Pleane Detonation Wave," CR Aced.-
b oL ot umes e 567, 1947

o

Cb4?. Finkelstein, R.: o e B
' . "The Normal Reflection of a Shock Wave," Phys. Rev. " 71 42, "
- ‘ o b L 1947. :
‘o . Cbé6..  Friedlander "
/ ‘ "The Diffraction of Sound Pulses, " Roy.Soc. Proc. Alee..sza, 1946.-
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- . "Photographic Investigation of the Reflecﬂon ‘of Plane
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" "7 Cb4b, Read, W.T. “ ‘
! : :'Theory, Celibration and Use of Diaphragm Blast Meters, "
HERS A-592, OSRD 6463 Dec. 1945.

] " - Cb4s.  Keenan, P.C., end Seeger, R.i. :

. - . "Analysis of Data on Shock Intersections, Progress -
Report No.- I," Explosives Research Report No. 15 Navy '
Dept. Bur. of Ord.;, Washington, D.C., Feb. 3,1944..

Cb44.- Polachek, H.; and Seeger, R.J.
"Regular Reflection of Shocke in Ideal Gases,” Bu,Ord.-
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Cip, C.; Fob,1044.  Aleo: "Interaction of Shock Waves in
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‘ "The Normal Reflection of a Blast Vlave, " File No.- o
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7 . cbaan Schardin, H. . H
e "Remarks on the Pressure Equalization Process in &
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Cc. BLAST LOADING---SHOCK TUBE STUDIES

Duff, R.

"THe Use of Real Gases in a Shook Tube, " UM-51-3.
(Un:lv._ of Mich, ) o '

"The Study of Supernon > flows in a Shock Tube, " Univ. of
Toronto, May lQU\ - ' ;
Lukasiewicz, J'. e
_"Mow in'¥, ohock Tube of Non-unif'om ‘Cross Section,"
National Research Council, Canada. Report No. MT-ll, ‘Jan. 19502

Lu.kaaiewicz, 1.
"Shock Tube Theory . and Applicationa, " Report No._MT-lO,
National Research Council, Canada, Jan:' 1950. .

'Bleakney,u%:lmer, atd Fletcgher

"The Shock Tube: A Fecility for Investigations in Fluid
Dynamiwvs, " Rev. Sei. Inst. 20:807, 1949.

Donaldson, C.- du P.; and Sullivan, R.D..
"The Effect of Wall Friction on the Strength of Shoclc
Waves in Tubes and Hydraulic Jumps in- ‘Channels, " NACA

Geiger, - F.W,- 4 “ ; i
' WThe Shock Tube as a Tool ‘for the Investigation of Flow
Phol}ymna, " Phys. - Rav. V. 76,10, 6, pc881 D2 Sept 15, 1949. .

Mauts, C.W.

MFactors Affecting the Produotion ‘of Steady Flow Past
Models in the Shoek Tube, " Phys. Rav. v.76, n.1 p.1'72
:H',em 14, .Tuly 1, 1949. .

: "Patterson, G.N.

"'Iheory ‘of the Shock 'I‘ub\o, " NOLM 9903 Sopt.zl, 1948.
“Also: Phys, Rev. v.75 p -1204 FAB lpr. 15, 1949-

Rudinger, G,

"Note on the Use of‘ the Skock 1‘ube as an Intermittent A
Supersonic Wind Tunnel, " Phys.Rev. V. 75 n.12 p. 194.8, ,
. June 15, 1949.°

Weimer, .D.X., Flotcher, C.H., and Bleakney, |

"Transonic Flow in a Shock Tube," J. Appl. Phys. v.20 -
n-4 P. 418, A,pr.' 19490 .

BEmrich, R.J.-
"Velocity Loss Moaeuroments on Shocks in a Shock Tube, "
Princeton Univ.Dept. of Physics NR 061-020 Nov.18, 1948.
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Mautz, C.W., Geiger, F.W.; and Epstein, H.T.
"On the Investigation of Supersonic Flow Pstterns by
Means of the Shock Tube," Phya. Rev., v.74 n.12 0 1872
. Dec. 15, 1048, -

N

‘Payman, 'W.; and Shepherd, W.C.F.

"The Disturbance Produced by Bursting Diaphragms with
Compressed Air," Roy.Soc,Proc,- Series A, V. 186' n, 1006.
Sept.- 1946.-
Shock Tube 2.54 om. ia dia.:

V4

"'Fletcher, J. C., Read, Ww.T., Stoner, R.G., and Weimer, D. K.

"Fingl Repart.op Sheek Tube, 'Piezoelectric Gauges and

Recording Apparatua, " N'DR" A—556, OSRD 6321 Nov,. 17, 1945,
Reynolds, LG T ’ )z

"A Preliminary Study of Plane Shock Weves Formed by -

.Bursting Diaphragms 1n a Tube," NDRC A-192, OSEKD. 1519

June 18, 1943.

Guderley, G.-

"Unsteady Gas Flows in Thin 'I‘ubes of Variable Cross-zection, "
ZWB FB 1744, Oct 28, 1942, NRC TT-82, 1948.

Payman, - w., and Shepherd, W.FLC. ,
"Explosion Waves and Shock Waves - Pt.VI, the Disturbanoe
. Produced by Bursting Diaphragme with Compressed Afr, "
Min:latry of Supply, Advisory Counc:ll 735, Phys/Ex.: 96_
-~ (W-12-1857) 1941, . :

A Paym, We

"Shock Tubes, " Roy. Soc.Proc. A '120: 95, 1928.

Dixon, H.B.:
"Shock Tubes, " Phil Trans. “A 200 315; 1903.
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Da.” ELASTIC STRUCTURAL DYNAMICS---GENERAL
THEORY AND METHODS

~

Alf‘ord, JaLss Houener, G Wy and Martel, R.R.

"Spectrum Analyses of Strong Motlon Earthquakes,"
Earthquake Research.lab., Calif.Inst.of Tech., Pasadens,
Celit‘., Aug- 1951." 110pp. R

Spectrum is pipt of reeponee of e:lmple oscillator vs
period of oscillator. 88 spectra computed by eleciric
Damping found very im-

reduce structuial response sharply,. . Whaen damping in- -

-ecluded; spectra are conpiletent with hypothesis of dis-
_tribution about a mean value.

Concept of "dominant
ground period' ig not val{ for purpose’‘of aseismic
‘structural design. ' Propésed that mean, value of dampu
spectrum be used as a- quantitative measure of earth—
quake inteneity. . .

" Allen, D.N.de G., ‘and Severn, R.T.-

"The Application of Relaxation Methede to the Solution
of Non-Elliptic Partial Differential. Equations,” J. )
Mech. ' and applied uath. v.IV Pt.2,195%" (Separate)

[

//\lluetrated method of converting problems where' end

conditione are all stated at one end of the range of
integration to one where end conditions to be 1mposed .
are equal at both ends.:

BN u

Densler, M.A., ‘and Golend, M.

"Traneveree Impact of Long feeme, Ineluding Rotatory

" 1ng ja end Shear Effects," Tech. Rot. Engr.Mesch.Div.:
M m.(s'o Research Inst., Kanses City, Mo. 1955,

To clerify the siress propagation phenomena in impscted
beams, closed solutions are deduced for the stresses

induced in a long beam of uniform section by the action
of an impuleive, concentrgted traneverse load. Rotetory
inertia and shear are accounted for in the differential
equation,- For the special case when the Young's modulus

‘and the effective transverse shearing modulus of.the

beam are equal, the results take on a simpler form and
numerical revaluation of thé stresses is readily accom-
When this equality of properties does not hold,
rumerical ,evaluation of the solutions is diffieult and -
methods will have to be developed to perm:lt this. -

]

"Introduction to Theory of Dynamic Behavior of Structuree, "
Div.of Civ.Engr. ,Univ.of Calif, ,Berkeley, 1951." 200pp.

’ mimeographed.
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8iddall, J.W.; Isakson, G., and Bispling,hoff,”,;{.L.' 4
"Approximate Analytical Methods for Dei&gmining Natural
Modes and Frequencies of Vibration," MITVASR Rpt. no.7833=51-1
g 184pr Tan. 163 1951, . .
.~ and Goodman, L.E." ;
“. Prismatic Bars Including Rotatory Inertia -
‘g . setions, " Tech.Rpt. to the 0ffice of Navel
'.‘)E._Dept. Univ. of I1l.; 23pp. April 15,1951."

o

AR ‘
y ~-"*-ar.!.es S., Andersom, B.G.,’and Salvadori, M.G.-
,umprehensive Numerical Method for the Analysis of
Earthquake Resistant Structures," J'.Am. Conc.Inst.,
Sept. 1951, pp. 5-2&

Lt
Step-by-step method- fbr ‘analysis -of eerthquske sirssses, .
_in rigid freme buildings developsed from authors' exper- '
‘ience with blast probtlems in structures.: Method can be ..
extended to case of plastic strains.  Examples of five
story building subjected to various base displacements.
Damping and ground rocking considered.: Rigorous solu-~
tion feasible for five or less stories; step-by-step:there-
after. Step-by-step method preferable when plastic hinges
considered. Desk calculator or IBM techniques-suitable.-
Errors of calculation less_ than with previously developed
procedures by Timoshenko, Newmark
(]

Zizicas, George A.- oo
"Dynamic Buckling of Thin Simply Supported Plates in the
Elastic Region, " Univ. of Calif., Los Angeles Research
Report, 96pp. May 1951." . - e

Dynamic effects nesligiblts for load:lng times greater than
a few mul}iples of fundsmental pericd of.plate, but they

. are an es a/ential feature of the phenomenon for times of
loading of the order qf the fundamental period or smaller.:
For sufficiently emell intervale of loading, the critical
buckling load may be exceeded without danger, while for

,.1oads under the critical, the displacement may be up to
twice as high as the static eanalysis vrould ‘predict. -

Duwez, P.E., Clark, D.S., and Bohnenblust, H.F.-
"The Behavior of Long Beams jnder Impact Loading, " J.
Applied Mech.- paper no.éQ-SA-l (Unpubhshed as of March By
1950.) .
Isakson, G., ‘and Bisplinghoff, R.L.- e
"Report on a Survey of Analytical Methods for Determining
Trensient Stresses in Elastic Structures,™ MIT Aero-maatic
..and Struetures Research Rpt. No.7833-50-3-3, 64pp. 1950.-
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- N b
Fblgar, Rbbert P.; Jr. o ¥ ‘
"Formulas . for({ tegrals Containing Characteristic Functions
of a vib&s% S geam," Circular-No, 14 Bur, of Engr. Research
“  Univ. of" 1»\83. 65pp. . 1980. . B . “
\\ . o N .

*n

ﬂcwmarh N.M -
A "Mbthoda of Analysis for Structures Subjectad to Dymamic
- Loading, " Univ. »f Ill. report to Air Forco Vulnerability
. Branch of ‘Air Targets Div., r r.‘of Ihtelligence9
mwmym,mm -Dec, 18, 1950+ " : N
Contents: The prosedures of analysis are applicable to
“»loadings caused by wind, earthquake, or impa(%, as well as
blast." The principal type of approximate method comsidered Ca
.is & method based on' the assumption of a shape or mode of )
deformeption, in effect raducVng the npmber of degrees of
freedom of the: strncture to éne., A Reneral method end
several’ approximate methcds are ‘given which are especimlly
applicable to giructures which are etressed to the point
~ of failure and therefora which are loade: ‘honeiuerebly
©  beyond their range cf elastic behavior.: Fairiy good re-
sults are givek: for the 11m1+1£5 conditions at’ br-near £a11-
ure of the stiructure. - .7 . Vi

(\‘

-"A Selected Bibliogruk ; “on Vitrations in Strupturearﬁy

 of Ssionce and Indust:ial Research,. Bldg.  Rés, Sta, (
pibrary Bibliography No.10g, 12pp. : S

«

% General theory, mathematical treatment, etc. Machinery vi—“ oy &
‘bration.  Blasting end pile driving. Road and rail vehicles. sy
‘3tructures, ground, and foundation design. Human sensitivity."
Instrqgents. Seiamology and geophysics.  Misc. las‘iteme.

Penzien, Joseph, and Williﬁms, ‘Harry' A.
""A Discussion of the Dynamic Analysis of a Frame Subjacted N
to an Impulsive Load, " MIT report to New England Division
Corps of Engineers, Contr.DA-19~-018reng-239, Aug.1950.°

' Gives detailed results of studies concerning analysis or
design of framcﬁébuilding loaded by atomic bomb blast.-

“ Various methods explored, errors due to simplified ‘approsiches |
found,- For best results in analyzing a final design, the
general step-by-step procedure, assuming linear variation
of ecceleration is recommended.  The simplified step-by-step
method which esgumes inf ni{ely rigid girders is retom-
mended.fcm preliminpry design. - The average rate of stress
build-tp for the structure and loading conditions assumed
for this investigation was rapid enough to warrant an increase

in the yield point . of steel.: i ?v
’ P ’ / o H
Pian, TsH. He ’ and Hallo“ell F. C. ’ JIre '
"Investigation of Structur 1 Damping in Simple Built-up
Beams, " MIT ASR Rpt.N‘°785 -50~-2-2, 19?0

g




Dabo. "

DabO,

|

Da49, -

Da49.

“_Dad9.

Dad9,

'Dad9,

Da49, -

Pian, T.H.H., Siddell, J.N., and Bisplinghoff, R.L,

' 47

o

"Dynamic Buckling of Slender Struts, MIT..ASR Rpt.
No. 7833--50-5 May 2, 1950. 68ppn o

Pian, T.H.H., Mar, J.W., and Bisplinghoff, R.L.
"An Experimental Study of the Behavior of Beams under
Dynamica;lyBApplled Bending Moments," MIT ASR Rpt.-
No, 7833- 5@&10 28pp. Oct. 24, 1950.

Evaldson, R.L., Ayre,- R.S., and Jacobsen, L.S.
"Response of on Elestically Non-Linear System to |
Transient Disturbances, " Franklin Inst.J. v.248¢n.6
pp. 473-494, Dec. 1949 o

“The problem relates to an undamped, elastically non-
linear, single-degree-of-freedom lumped system subjected
t0 three forms of ground motion pulses (rectangular,
cosine, and "skewed" cosine); each form consists of a
single pulse, the duration of which has been varied 1
over a wide range. "

¢\

) Fot\eo, G and Zartarian, G ‘ : S

""Flutter Analysis of 'a Wing with Concentrated Massee by
Means of Station Functions (Phase 4) ". MIT ASR Rpt.
No.®8790-49-4-15, 1949,
[
Frankland, J.M, 3
"Effects of Impact on Sinble Flastic" Structures‘" See. -
Exp. Stress Anal.FProc.. vaI n. 2, 1949.,

Definitions of terms used in study of imﬁadt loading;--
discussion of different. cases-—-with comparieon of
theoretical and ‘hotual cases: .

Hudson, G.E. A
© "A Method of Estimating Equivalent Statio Loeds in = - -
Simple Elastic Structures, ™ Soc. Exp Strbss Anal. Proc.'
v.VI n.2, 1949

Tsakeon, G., Bieplinghoff, Pian, Flomenhofs, énd O'Brien
© "An Investigation of Stresses in Airscraft Structures
. Under Dynamic Loading," MIT ASR Rpt. No.8790-49-8-24, 1949

’ Jacobsen, L.8.-

"Transverse Vibration of One and of Two Spen Beams under
the Action of a Moving Mass Load,"™ Stanford Univ.Tech. .
Rpt. No.7, .Oct. 1949 . L «

Pign, T.H., and O'Brien, T.F.
"Further Developments in Methods ‘of Transient Stress
Analysis During Landing," MIT ASR Rpt.. No 8790-49 7-1,1949.

Pien, T.H.H., Siddall, J.N., end Bisplinghoff, R.L.”
"The Prediction of Stresses in a Structure undsr an
Arbitrary Dynemic Loading, ™ MIT ASR Rp No. 7853-4°-7-15 5
.31pp. July 1949 ) . , »

i
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~Da49, -

Da48,"

Da4?, -

‘ Dad6.

St.- Rydlewskl . .
» "Natural Vibrations in a Truss w1th Rigid J01nts, (in
French). Arch, Mech. Stos.2, 99-119, 1949, v

Frequency’ equations obtained for r1g1d joint trusses:
‘[ Good for short spans whers Polhausen 8 method fails.

,M.P;ﬂf S o
ghe Impact RehaV¢or of a Material with & Yield P01nt "
{\o.ﬁenh.,l. 18 n.1l, p." 39, Merch 1949.-
. oo
(Young, D&ﬁa, and Felgar, R.P., Jr.
*. "Pables of Charagteristic Functions Representing Normal
Modes of Vibration of a Deam," Univ. of Tezes Pub.No, 4013,
; Jqu 1, 1949, 3lpp.-

Clamped-clamp@d, free-{res, clamped-free, clamped—
supported, -and free-aupported beans.

Odman, Sven T.A.
"Differsntial Equation for Caloulazioén of Vibratiochs Pro-
dnced in Load-bearing Structures by Moving Loads, ™ Int.-
Assoc.Br. and Structural Engr., 3rd Cong. pp. 669-680,
Sapt.- 1‘48 _ o

Mathod applies characteristic functione, s0 that differ-
ential equation holds good-for-any arbitrary boundary
conditions and for several non-elestic moving loads,
approximate solution."

o

‘ Da4?. -

Rauacher, M., Zartarien, G.. and Haley, S. M., Jr. i
"Comparison of Theoretical Methods of Calculating
Vibretion Modes and Flutter Speeds (Fhase 1)," MIT
_ASR Rpt, No,- 879ﬁr48—11—15, 1948

Claflin, W. M. . :
"The Experimental Detennination of the Dynamic™
Structunral Response of an Airplane to Impact Load= "
ings, "™ Soc., for Exp. Stress Anal. Proc. v.v n.l
pp. 31-38, 1947,

Design and testing of a model, dynamically similar to
an actual airplemes. Nondimensional "emplification
factors".are determined.  Gives brief review of the
basic theory of dynamic response.

Pfeiffer, G. . ' .
"On the Differential Equation for the Transverse
Vibrations of a Beam," (In: German) Zangew Kath.Nech.
v.a5/a7 n.3, June 1947
Robertson, J.M., and Yorgiadia, A.G.
"Internal Friction in Engineering Materials," I, App
Mech. v.13 n, 3, Sept. 1946, -

W

48
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Dad4. -

Dad3.

" Da46e-

Da46.

AR " Dads.

Dad43, -

Spotts, M. F.-

49 ~ TQ

"Impact Stress in Elastic Bodies Calculated by the Energy
Method " Product Eng.17 200-4, Mar,1946-

For bars gnd beams, calculation of stresses due to moving
weights.: :

Wilbur, J:Be

™

"Action of Impulsive Lcads on Elastic Structures," Boston
Soc. Civ. Engrs. J. v.33 0.3 pp.163-73, July 1946.

Discussidn of methods of enalyzing structure for bending

moments, shear and direct stresses caused by impulsive
loads (blast loads, impact loads and ground shock due to
bombing); investigations refer to elastic bodies with one’ '

or more degrees of freedom, -

i.e., bodies whose position

can be defined by means of one or more dimensions; plastic
ingtead of elastic analysis indicated. e

Stowell, E.Z., Schwartz, E.B., and Houbolt, J.C.-
) "Bending ‘and Sheai Stresses Developed by the Instantaneoua
Arrest of the Root of a Moving Cantilever Beam," Rpt.-
* No.. 828 Natl.: Adv. Comm. for Aeronautics 1945. W .

' Theoretical and experimental investigation of behavior of a
cantilever beam in transverse motion wden its root is sud-

denly brought to rest.
atresses~‘ test on small .tube'-centilever.-
Biot, M.A., and Bisplinghoff, R.L.
"Dynamic Loads on Airplame Structures during Landing "
App. III.NACA ARR 4H10 Oct.-

_ Biot, M.A.-

"Analytical end Experimental Methods in Engineering
.Beismology, " Trens.. ASCE 108:365-408, :

Equatioiis for acceleration, deflections,
4
1944,

1943.

Status of thesc#me.w Many excellent discus—‘

aions

Wilbur,

References.

Iohn B.

-

"The Analysis Qf Elastic Structures Acted upon by Tinpul~-
sive Loadings, " NDRC Rpt No.A-219 (OSRD No. 1915) 1943.-

" Develops concept_af dynemic load factor by means of which
one snalyzes the dynamic behavior of beams and’ slabs,

through the use of characteristic shapes and loads.

It-is

shown that ‘a dynamic load factor_ curve can be developed for

each type of impulsive loading.

A factor can then be

applied readlly to the impulsive load value to produce an

equivalent static loading.:

Slabs are analyzed approxi-~ -

mately by reducing them to an equivalent beam grid.-
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Da42. - Pipes, L.A.-

"The Operational Theory of. Long:.tudmal Inpact R A
App. Phys. ‘Aug.  1942. .

Da42.:  Prescott, : John . y {

"Elastlc 'Waves end Vibratmns of Thin Rods, " Phll Mag.
. 7th Series 1942.

Da42.- Robertson, H.P.; and Slutz, R.J.-
) "The' Reactions of Thin Beams and. Slabs to Impact Loads,
Part I, Theory; Part II, Beams," Natl., Research Council
Comm. on Passive Protection against Bombing, Interim
Rpt.- Nos. 13, ghd 14, 1942." -
" Da4l.  White, Merit P.,, H
L "Friction in Bulldings," Bull.- Seis, Soe, Am.v. 31, Apr. 1941,
W
Dad0.:  Lee, E.H. A ) “
"Impact of Mass Striking a Beam, " Am. Soc.Mech. Engrs Transq'
(.T.App.Mech.), v.7 n.4 p.A~129-38, Dec.” 1940.
: Paper deals solely with central impsct on beam simply
” . supported at ends;’ no difficulties encountered in general-
izing method for impact at any point along beam; ‘develop-
ment leads to similar conclusions, relations being ex-
pressed in terms of normelized characteristic functions
for modes of vibration.  Biblio.-
Da3g, Jacohsen, L.S.
‘ "Natural . Per:lods of Uniform Cantilever Beams," Transu .
Da34. Cx‘eskoff Jacob J.- . )
) ' wDynemics of Earthquake Resistant Structurss, " “McGraw-
Hill, 128pp. 1954. -

Dynamics of earthquake motion: deflections of beams in .
moment and shear; free transverse vibrations of a slender
bsam; forced transverse vibrations of a slender beam;

i diat‘ribution of seismic shear and ridment; applicetion to o
buildings, aseismic design of a tall buildlng, ageismic”
design of a” short building..'

Da33.- Biot, M.-
o . "Theory of Flastic Systems Vibrating under Transient
Impulse, with an Applicatlon to Earthquake-proof
Buildings, " Nat. Acad. Sei.Proe. v.19 n.2, 1933.

General methnd of evaluating random impulses on vibrat-
ing systems,

=
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i

Da30. Donnel'l, L.f,
/ . "Longitudinal Wave Transmxasmn ‘and Impact, " Trans.
" ASME App.Meci:.Div. 52 ptl:163, 1930.

\ Da?? Ufjyand, Y.S.
Vi . "Propagation of Waves in Transverse Vibrations of Beams
u\ and .Plates," (In Rusesian) Prikladnaya Hateuattka i
Nechanika (USSR) 'vol III no. 35

o
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( beams presentéd previously are given.

Db.  ELASTIC STRUCTURAL DYNAMICS-~-~MODELING

y

. &\
RoM., and Yen, C. e A

"Dynamic Modeling for Stress Similitude, " Univ
Calif. Tech.Rpt. No.2 to ONR Contract Nc. NB onr-423,
June 1950, . .

Santa Clars, -

52

Modeling methods for dynamic”stress analyéis and thé'concept'

of~engineering accuracy are briefly discussed.  Summary of
the results of the analytical work on dynamic modeling of
The conclusjons of
the previous enalysis is verified, namely; for thobe appli-
catioris where damping can be neglectsd, modeling for-
stress similitude can be attained if the dimensionless
radius- of gyration is the same.for prototype and model;
and those applications where internal damping is of impor-
tence, geometric similarity between prototype and model is
_necessary. T o
Hermes, RaMn, and Yen, C. S . ‘ )
"Dynamic Modeling for® Stress Similitude;" Univ. Santa Clara
Tech.Rpt. Nu. 1l to ONR Contract N8 onr-123 July 1948.

Method of rendering the equations of motion of a vibrating
beam in dimensionless form is presented.  Parameters, which
must be kept constant for ‘model similitude, are derived.:
Internal damping is considered -and the conclusion 'is reached
that it can be satisfactorily modeled. Effect of intermal
damping is recognized and evaluated, The eigen~functions
in dimensionless form are summarized for each of the six
types of vibrating beams; .also frequency equations. - These
functions are ehown to be normalized with proper choice of '
coefficients." T -

White, M.P. and. Byrne, R.Eo ‘
- "Model Studies oi the Vibratione of Structures during
Earthquakes," Bull. SeissSoc. Am. 29: 327-5@2, 1939,

Ruge, Arthur C. ‘ f
"Earthquake Resiptance of Flevated Water Tanks, " Transp
ASCE 103:889-940, 1938.-

: N

Results of model testis. Experimenthlumethods. Similarity.
New .type of sprlng—element diagonal invéstigated. -

"Structural Models," ¢ and R Bull, #13, USN Dept.; Bur.
Construction and Repair, Washlngton,D Coy UaSs, Govt°
Print.Off,: oy
\\ \
~Part I - Thecry 1938 = :

Part II --= Model Investigatlons of Armored Structure 1940

b4
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’1'
: , i
Tb3s, Beggs, R.D., and Davis, H.E., and Davis, R.E. .
- "Tests on Structural Models of Proposed San Francisco- v '
Oakland Suspension Erldge, " Univ. of Calif. Pub, in .
Engr. v.3 n.2, 193\» ‘ 1
oo . 1
Includes dynamic model theory and a complete (as of 1935) ‘
, bibliography on model testing and dimensional analysis. o
i ' ; ‘ ' t
{ Db34. Bull.Seis.' Soc.Am, July 1934, PD.170-230.° |
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‘ s .. " De. ELAS‘I‘IC STRUCTURAL DYNAMI\LS--—PROPAGATION R
.. . , QF STRESS AND STRAIN -

- .~ See also:;.pag;z Prescott . o

_ovbsi.  Melvern, L.E. |
! ‘ y "The Propagation of Longitudinal Waves of Plastic Deformation‘a e
" in a Bar. of Material Exhibiting a Strain-Rate’ Effect." J. _

| App, ‘Meoh. .18 n.2 pp.203-200 June 1951 . .- ;l

. A E i . U
i "~ . The theory of propagation of longitudinal waves of plasfic B SR
- ~deférmation is extended to apply to materials in which the
stress is a function of the -instantan sus plasticztrain and
BRI | _ _ strain rate. Soclutions are: givemhfq» an idealized flow law
[ ‘ " and compardyd with solutions based upon earlier theoriea

{ ” . whieh neglect gtrain-rate effect. o
Py . / \ L . A “

; D°5l- Lee, E.H., and Wolf, Hy: ' - .

o " - : "plasygig wave Prppagation Effects in High Speed Tasting,"

. Quarter} App.uath. p 405, Jan.1951.ﬂ

e -

i

; DcSl.;, Rinehart, John S " ) ) N “ ' )
> - h "Some Quantitative Data Bearing on the Scabbing of Metdls : o
under Explosive Attaok," J. App. Phys.lv.za n.5, Hay 19514

o i1
D050- Thomton, Do Lo :

"“Applications uf Stress Propasation in Civil Engineering,"f'
- Engr. 160: 689-92, .Tnne 16,1950, - : ’

. S : . By means of. atrain gager and a cathode-ray oscillograph, R ) e
wn o records of the vhriation of strain with time is thown of ‘  :v'”¢l””f:.-
- 0 a steel bar. Discussion of propagation.of pre sure-pulse . Y '“\\H
o - of short duration when “the _ampl itude of-Jhe strain-wave has " .
_@xéeeded the proportional Iimit'of both ductile and’ brittle '
materials, including mathematical treatment an scme ex- ‘
_ perimental results for structural concrete eleme ts.

" Q) | . T

i} > . DeB0.. * ‘von Karman, T., and Nuwez, P,: ’ ¢ ” e e
l : , e  "The Propagation of Plastic Deformatién in Solids,",“ A
- »‘ : - . o ., - J- App- Phys-_ Ve 21 no 10 pp- 987-994 oct. 19&0 ‘ ” '
, Theoretical and experimentalfstﬁdy of longitudinal impact woo o
: . ~at end of bar; exrerimenta on propagation of plastic ., Py '
F L ’ . strains in apecimen subjacted 1o tension impa§tn

o,

| nc49.;_, Clerk, D.S., ‘and Wood, D.8," . /%'
y , ' * Whg Time Delay for the Init1aﬁ‘6g of Plastic Beformationu o
1 : : at Rapidly Applied Constant Stress, Am.Soc.Tesf Mat: O
" F « N ' : Proc.49: 717-757, .1949. o ne ’

a S
"The design and construction of a apeclal rapid-load

| ‘ “ 5 o );

o T . ' i o . o
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testing machine is deseribed with which tensile loads may
‘be applied to a specimen within 5 milli-seconds and longer.
n X Tests made on annsaled low-carbon steel are présented and

S discussed in detail., ---I% is concluded that the time delay

is asaociated wzth the yield point of mild gteel." .

Do4G. - Vlsness, I, L '
‘ "Propagat1on of Transverse Waves in ﬁeams," NRL Rpt.-
FMGNwdRuumhMM,mwmmm,m&Jmem@.

il
o

Cooper, J.L B- » i
' "The Propagation of Elaetic Waves in a Rod " Phil. Mag. e

SV, 58. 7th Seriee 1947-

- Ded? , /mDuwez and Glark’ ’ ‘ ‘ ' .
e "An Experimental Study of the Propagation of Plastic
.7 .. " . Deformation under Conditions of Longitudinal Impact,V
R Am.Soo. est.uat Proc._47 502-523, 1947." B
. The theory of. plasti" strain propagation. ig gmviewed b
" < 'with reférence to. longitudinal impact.- ecial  impact M.
~-testing equipment is desoribzd. Tests in tension on
long wires and ‘on specimens of other gage lengths are
7. peponted, together with thé results of some Yeqits made
in 'p::‘eueion. The .effeét of release of loading and
rpflaction ‘of plastic strain waves on plasticjstrain
~ distribution are coneidered. The conoept of oritical
- Tweloelty 1s discussed. The anomalous behavior of
‘~mltar1|1 for which there is a yleld point is presented.:

e D LT TRegylte indicate very satisfactory agreoment beiween

s thoory lnd axperiment.

. Dae?: " e v, Zener, Dom. ‘and Others -
e . 5r afuring- of Metals," Published by the Amerionn Soe."
or ilﬂlln. augp. (Cleveland, Ohié) 1947, s

A nmnnr on tlie fracturing of metals. Following gives
titloa of typical subjects trogted: "The Micro-Mechanism
" of Trasture, " "The Effect of Stress State ocn the .
lrluvure Strength of Metals, " ""Effect of Strain on Fraoture,"
-—- 1noludos 14 othar articles.: » v
) :DO%G- - T!ylor. Gn Io‘ ) e
ST ~w  "Testing of Materiais at Eigh Rates of Loading," xpstn.
: e CiV.EnBI'H.J. v. 26 nue Oct 1946\ (PP486"519) :

e ’ : It

Methode of -determining properties of materials subjmct

to impact loading gsuch as Hopkinson's experiment, bouncing-
\\Bﬁfl experiments, tests in:which yield point ie passed; ™ -

influence of rate ~? ptrain, -impact at very high speeds,

study of strese waves in plastic-materials; illusirated

desoription of Mann's high-veloeity tension impact machine.'

Bibliography. - :
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Dec4b.

€

De44.

De42. -

‘Dc48.

De4R. -

De3B. -

| De8?.-

Do??

Duwez,‘ P,E., Martens, H.E.,“’and Clark, D.S.

"Preliminary study of the influence of rapid loading
and time at load on the mitlation of vlastic deforma-
tlon in tension,™ Report No. M-450 National Defense
Research Committee (Office of Scientific Research dénc.
Development No. 4621) Jan. 22,1945,

Jl .,,ust Henri Frederic v
“Note on Von Karman's Theory of t,he Propagation of -

Plastic Deformation in Solidq," A-41M OSRD 664 June 25,1944, °

‘Bososian, A, and O'Brien, E.H.:

"Report on the Construction of a Wind Tunnel Model
Wing (SBUZ2) Whose Dynamic and Elastic Cheracteristics
are Proportional to the Full Scale Wing,™ MIT ASR Rpt.
No. 74858-42-4-2, 1942,
L
Fligge, W.~ . '
"The Propagation of Bending Waves in Beams,™ (In Gefan)
. 2. Angétw. Nath, Nech. v.az n.6 Dec. 2942 - .
Zener, C., and Hollomon, J.H.
"Addendum to Von Karman's Theory of the Propagation of

Plastic Deformation in solida," A-37M OSRD 6569 June 1942, -

. Glanvills, Grime, and Pavisg

"Behavior of Reinforced Concrete Piles During Driving, ™
J Instn. Civ. ‘Engrs, v.1l, 150-234, 1935.

Extremely extensive (80 pp.) theoretical and _experimental
study, math. theories given; study of stiress propagation.

) Fox, E.N.:

"Stress Phonomena Occurring in Pile Driving,™ Engr. 134:
263, 1932,

Appiication of elastic wave theory to pile—drivin'g
phenomena. Rather thorough math treatment.  Eritish.

Griffith, A.A.
" "The Phenomena of Rupture and Flow in Solida," Trans.
. ‘Royal Soe. 10: 402 1927, - o

Karman, Th. v, Bohnenblust, H.,F. and Hyers, D.H.
"The Propagation of Plastic Waves in Tension Specimena
of Finite Length, ™ NDRC Report A—lOS (OSRD No, - ?46
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Ea, THEORIES OF FAILURE---BRITTLE FAILURE.

Bateson, H.,M.

' "Some Views on the 'Breeking of Glass Derived from the
Examination of Fracture Surfaces," Soc.Glass Tech.J.-
v.  XXXIV n. 158"pp.1l4~118, June 1950,

Haward, R.N.: .
"The Strength of Plastics and Glass, " (A Study in Time-
Sensitive Materials). Interscience Publishers,245pp. 1949.-

. ) : "

Jones, G.0.-

"The Interpretation of the Experimental Data on the
Strength of Glass," Soc,Glags Tech.J. - v.XXXITI n. 151
pp.120-137 April 1949. §

"The main conclusions of experimental work on the strength
of glass are discussed from the point of view of the
Griffith flaw theory and of later theories of the strength
of solids.” An attempt is made to present a broadly
correct interpretation of the phenomena and to suggest
why other asxplanations of particular phenomena may be
incorrect.

Frankel, Jacob Porter

"Relative Strengths of Portland Cement Mortar in Bending
Under Various Loading Conditions," Am. - Cono.Inst. J. 20:
© . 81-38, 1948." .

Absuming the behavior of é%andard mortar to be similar to
that of plain concrete, tesis were performed on 99 small
mortar beams under sixth, third and center-point loading"
to verify the applicability of the statistical theory of
the strength of brittle materials to comcreéte construetion.

Lethersish, W.: )
"A Theory of the Transition from“Tough to Brittle Fracture
with Spscial Reference to Velocity Effects in Impact Test~
ing, " 7th Int.Cong.App.Mech.Proc.1l, pp.61-73, 1948.

The energy to fracture, and %emsile strength are discussed
in terms of a very simple model, with fracture obeying
maximum strain laws for both brittle and tough behavior,
For brittle fracture, it is assumed that the hydrostatic
component of the state of stress controls, while the

shear component controls ductile behavior.

. Fisher, J.C., and Hollomon, J:H, -
""Statistical Theory of Fracture," Am.Insﬁ.Min.and Met.,
Engrs. Tech.Bub.No. 2218 for meeting Nov. 1946, 16pp.- (Metals
Technology v.14, Aug.1947).

Review of literature andﬁRheore@ical mathematical analysié
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of fracture stress of ‘metallic and non-metallic materials;
source of low fracture stress in glass; statistical analy-
sis; ref to work of G. Sachs and J.D.Lubahn on notched bar
tests of cohegive strength of steels.

Poncelet, E.F.

"Fracture and Comminution of Brittle Solids," Am, Inst.Min.

".»and Met.Engrs. Trans.v.1€9, 1946.

Contentg: It has been theorizad that comminution of brittle

solide occurs in the following steps: o

(1) Deformation of the solid to be comminuted by the ..
application of outside forces resulting in tensile
stresses,

(2) Development of one or more cracks as a direct result of
these stresses. -

(3) Formation of compressisn end tranuverse pulses caused by
these breaks to travel through the solid, the later pulses
causing the cracks to progress mainly at the critical
crack velocity, a constant for the material, - .

»{4) Generation of tension and more iransverse pulses by re-

flection of the compression pulses at the solid's free
boundaries, causing offspring cracks to form and progress
preferentislly in” the smaller fragmente liberated by the
_ parent cracks.-
(5) Formation of residual particles of smaller and smaller
‘sizes as the process 15 repeated until the whole solid
is reduced to a collection of residual paerticles.

I

Tucker, an Jre:

"Statistical Theory of the Effect of Dimenbiona and Method
of Loading on the Modulus of Rupture of Beams, " Am, Soc."
Test.Mat,Proc.v.41l p. 1072, 1941.

Thers is an inherant difference in the strength of duplicate
test specimens no mastter how carefully these specimens are
made or tested. Such differences are a natural character-
istic of the materials,and are mbre pronounced in some than
in othsras. The paper slhowe how the variations in the strength

" of small elements of volume within a speciden will affect

the modulus ‘«f rupture of beams of different. dimensions and
beams subijected to different loading. For axample, the modu~-
lus of rupture of a beain will be decreased with besm depth
and with boam lensth, and will be greater in centrally

. loadedvbeams then in similar beems loaded at third points.

" Weibull, W..

"A Statisticel Theory of tho Strongth of Materjialsg,"
Ingeniorsvetenskapsacademien, Handlingar no.151, 153 2939

Develops a general statistical theory to explain the ulti-
mate rupture strength of materials., Shows that the rob=

ability of rupture (8) is such that log (1-~s) pr(aﬁ dv.
Empirioglly determines the function of stress f U) on the i
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Griffith, A.A. RS

\\//

J

basis of tests of plaster of paris, porcelain, portland

cement mortar, wood, cotton yarn, and aluminum castings.

B

"The Phenomena of Rnpture and Flow in Solids, " Phil.
Trans.A 221: 163-198, March 1921.

Establishes a fundamental theory of rupture predicated
on the influénce of flaws. The flaws permit development
of stress concentrations which effectively redice
average stress to cause rupture. Meny subsequent works
of various authors are based on the "Griffith Flow

. Theory."
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Eb.’ THEORIES OF FAILURE---PLASTICITY

‘ Eb51l.: -Phillips, Aris
v . "A General Method of Calculating the Moment-Strain (Max)
: Diagrem in Plastic Bending of Beams," Paper no.5l-APM-6,
J. App.Mech. 1951.: :

1
| ' -
W o A new method is given for finding Moment-Strain (max)
. .~ curve in the case of a symmetrical pur? bending of bars
{ N . in-plasticity. , :

u Eb50,  Morrison, J.L.M., and Shepher, W.M."
' "Experimental Investigation of Plastic Siress~Sirain
Relations," Ihst.Mech.Engr.Proc.162 (W.E.P. no.55): 1-9
’ S pl 1/2; discussion 10-17, 195_0.

A * Eb49,- Chamband, M. -

T "Elastoplastic Theory of Bending in Beams of Reinforced
Concrete, " Inst, Tech. Batim Trav. Publ. -mz, Nov. 1949, -
(In French, 17pp.) , \

Eb49. Marin, J.
"Stress Strain Relations ih the Plawtic Renge for
Biaxial Stresses," J. Franklin Inst,- pp.231—250, Sept. 1949.

I

Gives results of expsrimental investigation on thin- i
walled alumihum alloy tubes subjected to combined tension
and toreion. Stress-strain diagrams for plastic range
given., Curves, equations, and bibliosrap_hy given.

Eb4Q, ' - Prager, W.
\\\ "Recent Developments in the Mathematical Theory of
\‘\,,f Plasticity, "7 App.Phys. March, 1949.

7

Eb4g. Swide, W
"The Elastoplastioc Bending of a Curved Ber of Work-
bardening Material,” Ingcn-drah TE WK S 949-95%
L L 1048 - (I Gemn)

Relation betwsen bendfng moment and fiver stres: in s
curved Beam with an assumpiion that oross section is of
suoch shape that under inoreasing moment, inelastic
action commences at concave surface of beam. Remarks on
economy to be realized in working in inelastio range,
and solution of problem is 1ndicated for ourved strass-
strain diagrams, - .

“Eb4D. Plutwuter. LW
: "Flexure To-ting of Plastic Materials," Am.Soc.Test.Mati-
a : reprint (No.87) 26pp.1949. (Am.Soo,Tust.Mat.49:1092; 1849)."

Comprehensive theoreiical ireatment with teste: load-
deflection curves; bibliograpby,

.
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Eb48.

Eb4s. -

Eb4g.’

Eb48.

Eb4s.

Eb4?.

Eb4s.

Eb“l :

Lusion, W.W., and Johnston, Bruce G.- ‘ E
"Plastic Behavior of Wide Flange Beams, " Welding J.
Research Supplement v.27, 17pp.- Nov.1948.

This report presents results of wide flange sections
teated as simple beams with thiﬂd point loading
through the elastic and into the plastic range; bend-
ing behavior of beam depicted by M (moment) - ¢ (rate
of change of slope of the beam axis).curves; disgrem
of elastic stress distributions; local buckling; resid-
ual stresses; diagrams of general test setup using SR-4
etrain gages; strain distribution diagrams across ten-

" sion end compression flanges; summary of test results;
~initial stress condition, initial yield moment, plastic
moment, calculated and observed valueb.

Pragcr, W
"Problem Types in the Theory of Perfectly Plastic.
Materiale, " J.. Aero Sc.' (15-6) pp.337 June 1948.
Consideration of different problem types, examplm dig~
cussed; ppp, bibliography. -

Prager, W. ‘
"Theory of Flastic Flow vs Theory of Plastic Deformation, "
. T App.- Phys. (19-6) pp 540-543, June 1948.

Typical theories of plastic flow and plagtic deformation
are discussed, and concept of neutral change of strese
is introduced.

Prager, W. ) L L
"The Stress: Strain Laws of the Mathematical Theory of
Plasticity---A Survey of Recent Progress," J. App.Phye.’

- {1%-3 Quarterly) pp.226-233, Sept.1948.

,Reiner, M.: 0

"Elasticity Beyond the Elastic Limit, " Am, J.Math. v.70
n. 2 pp.433-446, April 1948..

Extensive mathemati;cal treatment, 13pp,- Bibl_ibgraphy.'

White, M.P.; and Griffis, L.:
MThe Propagation» of Plasticity in Uniaxial Compression, "
~ Trans. ASME App.Mech.Div. 60:A-337, 1947.

‘Millowiiz, Julius ; Co - v
"I'he Initiation and Propagation of the Plastic Zone in v -
a Mjld Steel Tension Bar, " A-309 QSRD 4612. Jan.24,1945. 3
"The Propagation of the Plastic Zone Along a Tension Bar
Having a Well-defined Plastic Limit," A-280 OSRD 3864,
July 1, 1944.:
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Bridgman, Percy Wllliame

“Plastic Deformation of Steel Under High Pressure,"
Progress Reports 1-3 A-95 OSRD 919 Sept.1942, Sept.1943.

" Jensen, V.P.

"The Plasticity Ratic of Concrete and its Effect on the
Ultimate Strength of Bsams," Am, Conc. Ihst. J.  p. 565

The hypothesis is advanced that the stress-strain diagram
for concrete under short time loading may be idealized for
certain purposes so as to consist of two linear parts,

62

ons representing elastic behavior and the other. representing

plastic behavior. The former is measured by the "modular
ratio” which is defined as the ratio of the E of steel to
the initial B of comcrete. The latier is uweasured by the
"plasticity ratio" which is defined as the ratio of the

‘plastic strain to the total strain at rupture of the comc::

An empirical equation is given to express the relationship
between the plasticity ratio and the ‘compresasive strength
of the conc. Formulas are derived for the ult str of “
beams. reinf in tension only.:

Whitney, Charles 8.

"Plastic Thecry of Reinforced Concrete Deeign," Am, 8oc. Civ,"
Engrs. Trans. 107:251-326, 1942.
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Drucker,AD.C

Heyman, J.;

Penzien, Jbseph, and.williams, ‘Harry A

_ eimplified step-by-step method which assumes infinitely
. rigid girders is recommended for preliminary design.

 Phillips, Aris \ ” Y

. JnAppuuech- 17'515-5233 19m°
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Ec. THEORIES OF FAILURE---LIMIT THEORY

Neal, B. G. , and Symonds, P.S.
" -~ "A Method for Calculating the Failure Load for a Framed

“Strueture Subjected to Fluctuating Loads, " Inst.C1v.
Engr.J. v.3 pp. 186-197, Jan.195l. Sy ‘
"\ PR

Two-span rigid frame. Sequence of lcading which may
ceuse failure by incremental collapse is determihed.:

"

< "pl [Bticity of Metals; Mathamatical Theory and Structural
Apy/ icationa," Am. Soc.Civ.Engr.Proc.76.1—14, Aug. 1950,
Givea simple structural applications of plastic desjgn. -
Example of beam, column, simple A-frame, and three-

wire problen.- .

v

"The Limit Deaign of Space Frames," Tech.Rpt. Al18-2
Contract N7 ONR 35806 Brown Univ,” 1950.°

<

"A Discussion of the Dynamic Analysis of'a Frame -Sub-
jected to an Impulsive Load, . MIT rpt.  submitted to New
England Div.  Corps of. Ensra.Contract No. DAr19-016rens-239

»kAng.lgso.

Thie réport gives the detailed results of anaxytical
studies of a.nunber of problams which would arise in oon-"
nection with the analysis or design of a frame building
to:resist.the effects due to a long duration blast. Pur-
poss of study was to explore "the -various methods of '

"analysis and to establish the errors imvolved in simpli-

fied approaches. For beet results in analyzing a final"
design, the general step-by-step procedure, assuming
linear variation of acceleration is récommended. -The

-The average rate of stress build-up for the structure
and loading conditions assumed for this investigation
was rapid enough to warrant an increase in the yield
point of steel. . .

_ "Symmetrical Pure Bending of Beems in Plasticity,"

Tech.Rpt #7 ONR Contract Div.of Engr.Mech. Stanford.-

L2

Symonds, P.S.; and Prager, W.-

"Elastic-Plastic Analysis of Structures Subjected to .
Loads~Varying Arbitrarily between Prescribed Limits," e W
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Ec49. Baker, J.F.-
. "A Review of Recent Ihvestigations into the Behavior of
b Steel Frames in the Plastic Range," J. Instn.Civ.Ingrs.
<1:188-240 Jan. 1949.

‘Bed9. Baker, J.F.
"The Design of Steel Frames, " J. Instn. Structural Engrs.
27:397, 1949.

"Presents an engineering approach to the design of -
portal fremes, multi-storied building frames, and gabled
bents by means of the principle of "Limit Design." An
extensive bibliograpby, in which the author's earlier

worlcs are completely referenced, is provided.

"Ec49. Powell, E. G. 8.
"Don't be an Ostrich——-'Limit Design' is Safer and More
Economical, " New Zealand Eng.  v.4 nos.1/2, Tan.=Feb.1949.
W

-Factor of safety of 2 against plastic yield is considered

w desirable;- numericel exasmples show that actual factor of
safety or overload margin is much greater against fail-
ure then against plaatic yield point assumed in calcula-
‘tions. o "

Eo48. Ba.ker, J.F., Thomas, W.N., Will:lams and Lax.
"The Civil Engineer in War," A symposium of papers on
war-time engineering problems, \v.3. Published by Ihstn.:
- Civ.Engrs., Great George-3t.,London, S.W.1l., 1948.°

. . Contents: "Plasticity as a Factor in the Design of War-
time Structures," (Baker),  Elementary theory of plastic
- bending, basement sirengthening, surface shelters, in- .
door shelters, protection of factories.  "The Effects of
Impulsive Forces on-Materials and Structural Members," -
Prof. Thomag.  "The Design of Frame Bunldings against
. High Exploaive Bombs, " Prof. Baker, Williams and Lax.-

. Ee48. Kirkwood, J.G., and Richardson, J.M.

Coe "The Plastic Deformation of Cireular Diaphragme under
Dynamic Loading by an Underwater Explosion Wave, "
OSRD Rpt. No, 4200, 1944. .

A study of plaetzc deformation of circular plates under
various constraintg.- «
{This work is summarized, and references to other authors
N are given in "Underwater Explosioms," by R. H. Cole,
Y \\ " Princeton Univ.Press, Chapter 10.)

Ec48\ Van den Broek, J.A.
. " "Theory of Limit Design, " Wiley, 1948.
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Ee47.,

Ec47.-

Ec45.

. ross.
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4

Horne, M.R.
"A Moment Distribution Method for Rigid Frame Steel
Structures Loaded beyond the Yield Point, " British -
Welding Research Assoc.  (Special Report no,25.)
(Also: Welding Research v.1 n.3 Aug.1947)
(Also: Inst.Weld.Trans.v.10; Weld Research Sec.-
Pp.6~15," Aug. 1947).

[

Hrennikoff A,

"Theory of Inelastic'Bending with Reference to Limit Q‘

Design, " Am..Soc¢.Civ.Engr.Proc. 73:2565-89, Mar.1947;
discussion 73: 944-6, 1293-301; 74:277-82, 377-B0
June-0ct.1947, Feb,=Mar,1948." '

This paper coantains the déscription of & method for
analyzing statically indeterminate flexural structures
loeded beyond ths.slastic limit or structures of
materials that do not obey Hooke's law.,Contents are as
follows: Stress-strain relations in I-beam, channel
beams: deflections; shearing stresses in besms: elastic
range, plastic range: effect of shear stresses; stress
recession: computation of shape constants of an I.

‘beam: deflections, strains, stresses, and moments

under capacity loading; deformation data: limit design:
yielding points, critical esections. - . N

Panlilio, F. ~ . '
"Theory of Limit Design Applied to Magnesium Alloy and
Alumibum Alloy Structures," Roy. Aaro. Soc.* J. bl: 534-71,
June 1947.°

Extensive series of tests on\beama. ‘Gives background of
limit design theory. Gives many. defl-load curves. Good
. bibliography.-

Richardson, John M.
"Theory of the Plastic Deformation of Thin Plates with .
Applications, " A-344 OSRD 5660, Oct.19, 1945.
: : w

Beskin, L.- o
"Predicting Ultimate Failure Loads, " Mach,Design V.16
n.1l2 pp.117-24,Dec,1944.

Margin of safety against failure by fracture depends upon
plastic behavior of materials rather than elastic action
commonly assumed in calculating working stresses; using
simplifying assumption, author develops-equations. and
charts for predicting ultimate failure loads of parts
subjected to bending and to eccentric loading.- (Discussion /"
confinyd essentially to failure of small metal machine
parts. re :

i
e
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Eéad. - White, Merit P° .
"The Limit Design of otructures SubJacted to Impulsive
Loads - with Application to Mjlitary Structures,”
oo “  (OSRD Report No. 4192) NDRC Report No. A-293,  40pp.-
' Sept. 1944.:

Deaign of military Struct&ree should be based on a
dynamic analysis, and analysis should be in terms of

% ultimate loads. For impulsive loading, the important

' quantity normally is not the maximum force applied but
rather the amount of energy the structure can absord
before collapse. In a typical structure (a simple rein-
forced conc beam) the energy at the elastic limit is
found by both calc and exp to be about 1/100 of the
energy absorbed before failure. This points to the
desirabllity of conseidering the plastic-state in
. analysis. It is /9t proposed that smaller safety factors

o be used, but that if true aafety factors are known,
more consistent and therefore safer deaigna are pos=~
gible with no inerease in cost. Article gives tables, -
diag ams and graphs.-

Ec4i.' Peterson, F.G.E.-
"How to Use Limit Design, " Eng.was Rec. 126:41-2,
Jan.2,1941. ‘Dise.: ' 12625223, April 10,1941.

Theory of limit design explained typical problama,
‘gteps involved in applying limit design to a simple
rigid frame. _
A\
Ec40. Goodrich. Co M- :
' M.imit Design, " Eng.J.v.as nos. 1 and 5y Jan.1940, pp.5~6un
and disc. May pp.220-7. - N ‘

e "General discussion giving philosophy of limit design and

» . urging use of 1liimit design in pract}ce.
N .o
Ec%&z' Leibnitz, Maaer'”““‘ \9
@, vixperiments with - Clamped and Simp e Beams of I Shape
: &ade of Steel St. 37," (In Genman) Bautechnik K p.313,

1949. - Also: Stauhlbau g3 1996.- 3§
) §
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Fa. FAILURE OF BUILDINGS---STATIC TESTS

X
Johnson, Carl B.- >
"Light Gage Stael Diaphragms in Building Construction, "
Paper presented at Natli. \r.Meetmg of Am, Sce. Ci,‘t._
Engrs.; April 1950,, oY ‘ .

Charles )
~ "Behavids of Single Diagonally Sheathed Wood Diaphrasme, "
. Paper presented at Natl, Spr.Meeting of .Am. Soc. Civ,
f{ Engrs.; April 1950. R

Green, N.B., and ‘Horner, A.C.- ’
"Tegts Establish Strength of Single Diagonally Shea‘bhed ,
Roof otructure, ", West Const News August 15,1949.-

: Tests ‘to determine diaphragm action of the single diagon—
ally sheathed wood structure toward its use on bulldings
to effectively resist lateral seismic and wind.forces.
“Truss and diaphragm action, limitations in practiee, con-
cluamns, applications, recommendations; analysis.of the
tests in accordance with beam theory; relationship of the
shear streass modulus of the model paitel to that of the .
prototype; deflectinn of, and load at proportional limit
. for, a full size wood diaphragm; application to design of
roof panels.:

ne
P

"Review of the Te(ﬁ’ing of Structures," Eng Struct. N’. Y.

Academic Press, ppa 24I~258, 1949.

'

K(Techniquoa for testing structures to destruction gre
reviewed principslly as they apply to British pradtice,
Loading and straih measurements, etc. An acoustic gage
is disBcussed which may offer: some improvement in

stability over resistanae gage)s.
£

Heammill, H.B., Degenkolo, H.J», Dewell. H.D.,Gduld .T..T. and
Nishkian, L.H.-

"Tests of Timber Structures from Golden Gete Inte' :V“ "
Exposition," Trans. ASCE 113: 112.’3—1260, ‘1948. ek

17 trueaes, 37 joints” of structural frames, -3 15-ft.struts,
ana 103 laboratory specimens tested to failure.-

"'l‘he Rigidity and Strength of Frame Walls, " No. R896.
~. U.S. Dept. of Agr.” Forest Service, Forest Progd.‘ Lab.,.
" . Medison, ‘Wisconsin, 1947.'

Engineering analysis and tests of small frams structures

to determine the relative resistance pf different types
of frame wall constructio &7 longitqdinal thrust. Also
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‘ Green, N.B.

w

a study of cach 1ntegral part of the frafie building,™ Buch . Ry
as the’ lintels, floor system, roof system and stair weldl,

with an effort to give 2 better understanding and apprecia—

tion of the principles involved in wall constructlon. ) !

"The Lateral Resistance of ‘Bearing Wall Buildings," - EPSREAR
Pac . Coast Bldg. Officials Conference Eul.' June 1935,

Greéh, N}B.,“Hbrnar, A C.;, end Combs, Theodors c. B
“Earthquake Resigtance of Wood Floors Used as Diaphragms in. = | !
-Masoary Wall Buildings,” Engr. Neéws Rec.: 114 871—5, June 20, . '
193%.
A summary”of recBnt full size and»quarter scale'mcdel~teets,
includi'ng working formulas and values for deaign;; 2Bpp,/: .
LaBarre,! and Converse, F.J.~~» cer
"Lateral Load Research_ to Determine the Strength and Rigidity‘
of Wood Floors as Diaphragms and of Brick Walls and Piers,” ™ .*
Report of test of 37th ‘St. School, Los Angeles, Calif," 1954.

“”»A three-atory, wocd-joist unrqinforced brick bearing l 9 N i
~ building with a central corridor having brick walls and 7 ’
-concrete flodors was tested. Purpose was ‘to obtain fundamental

- information on the behavior of wood floors as distributing
diaphrasms for lateral loads, such as those produced by
parthquake or wind, and to investigate the behavior of exist=
ing brick masonry when subjgcted to such loads. "Qualitative

" and quantitative results.- The school was 10 years old and
Happeared to represent approximately the average ‘design and
construction practice of the time of its erection. The effect

«  of. lateral forces apparently was not considered ih the design

of the building, Elastic load~deflection curves; photos; -
“tables of test results.- f, o
o
Seé also:- "Long Beach Floor Teeru," Engr.News Rec. p. 142,
Feb.l,1934, also July 12, 19%4." '

e

"Lateral Resistance Testa," Engr,was Rec, July 12, 1954.

« Stanford teats. Points ﬁp necessity for adequate coqnections
between structural elements cf a building to provide\“381at- <
" ance_to ePwthquake forcesg.' -+~ o , Lot
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FAILURE OF BUILDINGS---HIGH EXPLOSIVE BOMBS

'See also: Eo,_48,.Baker , .

£

"House Damage by HE Weapons Actinhg by Blast, " REN 214
Reviged,- Research and Experiments Dept., Ministry of :

" .Home Security. British., March 1944."

N "Air,A,Raid Damage Report, " Ser. No.A4 Ministry of Home

Security. British. Feb.1943. (Also Ser.Nos. Cl1,C2,D4).

) "Damege to Steel Framed Buildings, " R.E. 4 Data
‘Comp’ilation No.26. Ministry of Home Security.- British.
- Feb. 1943. R Lo

"Effect of German HE Bombs on Industrial Structures,"
REN 224. Ministry of Home Security. . Britishu May 1943.-

- "Air Raid Damage Report, "™ Ser.N‘o.C4.'Ministry of
" Home Security. British. 1942., ‘

"Bomb Tests of Materials and Structures," Engr. News
Rec. v.128 n.5 pp 1857 .Tan. £9,1942. )

Data’ made -aveileble h{ War Dept.: as to resistance of

various types of construction under actual bombing.
Published b?' Office of Civilian Defense, Washington,D.C.:

" "Damage to R.C. Framed Buildings," Data Compilation

No.32. Ministry of Home Security. British, 1942.

' "Damage to Single Story Buildings," RE 4 Data Compilation
'No.z. Minis <vy of Home Security. British. May 1942. ;

Bondy, O. L

"London Letter on Bu ildings Under Bombing, " Engr. News
Rec. v.127 n. 7) 1l and 21, AuSO 14, 1941 PP, 214“‘15 and
(discussion) Sept. 11 p.343 and Nov.20 p.71l.’

London report on’ struoturai demage from bombing; obligque

‘hits on walls are more common than vertical hits on .roofs;

demage even from seme size bombs is extremely variable;
fireproofing of steelwork is particularlyl important;
bearing wall buildings are especially vulnerable; material

~thicknesses required for bomb protection.

Aug, 25

(5]

\ | .
See also: Iron Age 14%42*6. Aug.14,1941; Steel 109:80-2

"Air Raid Damage Report - Dolphin Court Fla‘t:s "
Ministry of Home ‘Security. British.  Nov.' 1940.

i
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Fe, FAILURE OF BULLDINGS-~~ATOMIC BOMBS

"International Bibliography on Atomic Energy; vol.2,

Scientific Aspects, " Columbia Univ.Press. 880pp.’ 1951.

"Atomic Energy end Physical Sciences," U, S. Atomic

Energy Commissipn{’Washington, D.C. 228pp. 1950."

Bibliography.

1
i

Bowman, Harry Lake
"Bombs v8 Buildlngs," Engr.News Rec. op. ?4—27 Jan.26,1950.

Photos of Japan A-Bomb damage. Chart of *Percent of
Damgge" ve dist Ifrom ground zero for various types of

con{truetion.

X

U.S. Department of Defense and Atomic Energy Commieeion
"The Effects of Atomic Weapons, " produced under direc-
tion of Los Alamos Scientific Lab., Los Alamos, N.Mex.-

-2 456pp. 1950+ - Available from Supt.: of Documents, U.8.°
Govt. Printing Off., Waehington, D.Co

Comprehensive summery of state of knpwledge (aa of 1980)
of phyeioel and biological effocts.

Tester, A.C.

o

"gffect of Atomic Bombing on Building Materials at
v»Hiroehima, Jkpan," Geol Soc.Bull, 58:787-94 pl.1-4,
Aug. 1948.

Study of effects- of atomic bombing on stone due to heat, .
*  abrasion, etc.

" ?Report,-

'5:-.};,»0. S. Strategic Bombing Survey, Physical Demage Division

“"The Effects of the Axomic Bomb on Hiroshima, -

Jepan, " 1947,

Vol. I:

Vol.II:

)

/ Vol.III:
L

-

Classification of buildinge according to type for

purpose of presenting damage in table form,  120pp. .

(All damage listed in Vols. I-III is designated
either as'superficial or structural. Superficial
demage is defined as damage such as surface burms,
etc., which does not reduce the load-carrying ca-

pacity,of the structure,- Structiiral damage is that

which reduc#s the load-carrying capecity of the
structure.)

Types of damage, fire cause and extent, damage to
buildings."

Pictorial and graphical data are presented in an
attempt to analyze the extent o damage to machine
‘tools and bridges. PhotQa show extent of damaged
buildings with characteristic patterns of failure
of several types of siructures and the effect on
machinery contained within, caused by huilding
collapse or flying debris.
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U. S. Strgteggn Bomibing Survey, Physical Damage'” Divigion.-

Praeger, E. H.

"The Effécts of the Atomic Bomb on Nagasaki, Japan," 1947.
Vol.  I: . Classsification of buildings éccording to type
. for purpose of presenting demage in table form.
(A7l damage listed in Vols. I-IIL. is designated
aitker as superficial or structural. See
- Hiroshima report FC47.)
Parkt 1, Summary, gereral, miscellaneous infomation.
Parkt 2. "Effects of Atomiq Bomb on industrial
structurss.:
Vol.II: BuiRding type-damage tables.
R Park 3. Effects of A bomb on public buildings.
‘Partt &, "Effects of A bomb on public utilities.:
VoliZII: BuiMding type-damage tables. N
Par'k 5 'Effects .of A bomb on machinery, equipment
~ and plant utilities.”
Parc 6, "Effects of A bomb on bridges and trans-
: portation systems,-
: Par1: 7. ' Fire damage effects of A bombs. -
' Parc 8, Translations of Jepenese Official and
Industrial documents reporting results of
A bomb a)tack.

Bot: of the above StrategiclBombing Survey reports give ex-
haustive demeges anglyses---a great many photographs gre in- 7
cluded; detailed reports oy demage to individual buildings.
Condensation aweileble fro Documents Div., U.S. Govt\%'Printing
off., Washingtan, D.Ce- " \“ib ‘

| !

"Effect on Strmectures.of At”omic Bombs, " Cone. aq\d COns\tr.

, Bogr. 41:205-9 Aig. 1946, ;

Abstract of’ report written by scientist sent by Britisl\‘\ Govt.
to study offectes of atomic bombs exploded over Japen; illus-
trations revesl dsmage on buildings of brick; reinforced con- *
crete and steel..

"Behavior of (encrete Structurea Unde# Aji:tomic Bomb:lng, " Am,
Cone.  Ingt.J. v.17 n.6. pp.709-720 June 1946. -

"The destructio-n wrought by atomic bombing of vhe Japemnese
cities, Hiroshi me mnd Nagasaki, August, 1945, is outlined,
with an analysi s of typical damage within areas with respect
to ‘'zero point, ' The paper discusses principles énd pro-
cedures of desl gn necessary to regist attanks by these

special new weapons. "
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; (  Fd.-FAILURE OF BUILDINGS~--EARTHQUAKES

See dlso: Dad4 Greskoff

, . Pl Alford, JnLo, and Housner, G.W. ' ‘\\1‘
. "A Dynamic Test o Four Stqry Reinforced Concrete Build-
ing, " Publicatm %: Earthquake Engineering. Research Inst.
\\* v;Aug. 19519

Forced vibrations with measursments of deflections and
accelerations of amplitudes approaching those axperienced
during strong-moticn earthquakes Results on damping:

. total is small; increases with dlaplacement, 1ndependent
of frequency." < -

L Fds,l\' ! Birkenhauer, Hn Fo : ‘
| . "The Prevention of Destruction from Seismic Waves," Rpt.
. of Seis Lab.;, John- Carroll Univ,, Cleveland, Ohio, 92pp.

4 . "
Compreheneive summary of work ih Japan and USA. Criteria

e A of earthquake damege. Extensive bibliography should be
N : r . - -consulted for significant refersnces, '

Fdd4s. Robertson, R.G. ’
"Earthquake-resistant Structijies; Seismic Factors and Use
of Reinforced Brickwork in Quetta Civil Reconstruction, "

& nwlnstn.Civ.Engrs.J. v.29 n.s PpP.171-84 Jan. 1048.

Damages to. structures caused by earthquakes in Quetta,
Baluchistan, British India, in 1923, 1935 and 1941; measures
K IR . -+ %o make buildings earthquake resistant. Gives seismit factors
’ for different parts and types of structures. Formula for ’
acceleration at top of independent-wall-type structure.-
Fd36. - U.S. Department of Commerce, Coast and Geodetic Survey.
"Earthquake Investigations in California, 1954-u5,"
- ol e UsCes Spec Pub. 201, 1936, - 831pp.
u ] ) - " " .
B . ' . Methods and results of intensive program, Includes vibra-
P ' " . tion tests on many buildings. Also detailed analysis of .
' o damage, to ordinary masonry buildings (exterior masonry
- bearing walls with interior load-bearing construction of ,
wood, steel, or masonry; part1tions, roof, and floor frem-
“ing may be wood.) o

i

Fa35.- °' Green, Norman B., Horner, A.C., and Combs;'mheodore, C.
J - T . "Tests Indicate Design Methods for Eerthquake-Proof Timber
7 L Floors, " Engr. News Rec.- ll4 871—875, 1955»,u . LY
A summary of recent full-size and quarter-scale model tests
of wood floors conaidered as diaphragms in masonry wall
buildings - ,
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AN : N,
Freemen, John Ry’ /// S .
"Earthqualcs Damags and Earthqu/"ake Insurance," ist ed. R
904pp, McGraw-Hill 1932. | | -

Structural lessons.and J:oééiés from the Samn Francisco and 3
Charleston quakes; texhbook on earthquake-resisting strugtural

_design, design of earthquake resistant buildings; stress fin

structures determined by\period and amplitude; studies of

engineering data for earthquake-resistant codstruction. - . {\W)
S ’ . . N7
- - Loh :
Dewell, Henry D.: .

‘ "Earthquake Studies," Comnonwealﬂth“ Cl{zﬂb of Calif. Trans.

v.XX no.6, 1925. pp.226-233.5 4 | -
o6 S g o)

chapter on |Building Against Earthquaky snd

A éritical #nelysis of ‘construction Yefhcts in

existing buildings with relation to eartbquake damege and

resistance, e :
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G.” DESIGN FOR IMPULSI.VE&LOADIN:G

Sed also: FA51 Blrkenhauer, Dabl Whitn.ey, Ec48 Baker, Ec44 White,
Daﬁo Newmark Af4d "Steeltyd Heinforced~-=," Da50 Penzien,

Eb42 Whitney P

w “ PN

142 ))

“

ﬁ" dSl.' Nbal, Bernard: George, and *g:nde, Paul 8.

"4 Method for Calcu[ati the Failure Loads. for a Framed
Structure Subjected to/riuctuauing Loads," Inatn. Civ.:
Bngre.J. no.3 Jadl.’ 1984 {’5\ .

AN : “
e

« The destermination bf the critica] value of the load,
parameter for any fremed structure which, if eéxcéeded,
; would cause failure by incremental collapse. It is essen-
S tigI]ly an elastic~plastic problem which can not be solved
' without considering the elaatic behavior of the frame.-

G50, » "Damage from Atomic Exploaion and Désign of Protective §
Structures, " Dept, of Defense and AEC. 1950.

Abstracts of material from "Effects of Atomic Weapons"
with recommendations on comnstruction of protective
‘structures. -
Mge' # s'indlehurﬂt, J’-Ee‘ :
"Structural Defense," Structural Eng. v.27 n.7 pp 295»504
July 1949, ‘
0 :
- Defense againstvexﬁﬁﬁéivee; explosiopé on surface, within
v - buildihg or below ground level; effect of atomic bomb;
fully framed structures, whether of steel or of reinforced
00ncrete,p0sseee resieting proparties superior in every
. way to those conat cted with load bearing walls."

G48. - Berling, G. :
5 "Designing for Shock Reeistance," Prod.Engr.Jan.1948.

B

:lmperis, H Ee t
) ."Atomic Atiack and Defense, " Engr, v.186 n.4643 PpP- 5llr2,
) Nov.19,1948.

Methods of active defense -discussed.- ‘ o O

u

G47e' Tumer’ B T."
"The- Design of Oscillating Cantﬁlevers," Aircr. Eng. y
" pp. 385-387 Dec.' 1947. /.

Sutline of methods used in designing such a centilever for
radar equipment, which may provide-a basis for similar
structurés in aircraft.
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G44.  Wilbur, Jo.on B : A . ;
"Per'mass Lle Stresses for Uée in Design Based on Elastic

R

* Anafyki( . Reinforced Concrete Beams Acted Upon by
Imph!ive Loads," Informal Prog.Rpt. no.23 (MIT), Off.:
Se »/. v 91k a4 Development 0@1@-468, March 1944.-

. Teﬁ\us ipAisate that in the design of typical fortifications, )>
¥ ap Wwerimt ot plastic deformation consilatent with a reason-.
able facter - su.fety against 1mportano damage, be permitted

und4’ *k2 cont mlin/ design loads. In this report a study is

mauu i/ the teat adta given in "Impact Tests of Reinforoed
Concreté Beams, II,™ by Newmark and Richart (OSRD 1751) {
wherein the testing under varying impact loads of 104 rem— b
forced. concrete beams of varying reinforcement is described.-

Resu’* . »f analysis given in tables. It was “ound that the

ne: :tigicus elastic. strength" (using dynamic elasti.{{ analysis)

cf the beams in bending and shear failure, undex. dynamic .
loads, wes ten times the static ultimate strength. The total .
energy applied to a beam to producé failure should be of o
_the same order of magnitude. Thi's hypothesis wes correlated
P with enen)gy considerations, and for design. purposes he
§  recomjénds that factors of safety of '3 and 4'bejapplied to

. +he Fictitious ultimat_e atressee for bending {p)a shear, -

Ga4. - Wilbur, John B.-
"Rev* ued Prncedure for Doaigning Roof Slabs to Reeist
. Bombing, ' Informal Prog. Report no.g4, Off, Bci.Res.- and
! Nevel yment Ohifsr-468 March 1944 (HI'I‘) ’

" G48. Wessman, H.E., ead Rose, WA ;
i "Aerial Bombardment Probection, " Wiley, 372pp. - 1942.°

Deteiled discussion on those measures which should be - -,
- taken tojmake building construction resistant to effécts

of ‘bombing. Characteristics of‘bombs, design procedures,

preeenthonstmction practice and proposed modifications,  ”

design /of epecific types of bulldings, analysis of build-

ing re uirements. \Fairly compréhengive b\ummary of status

of kn /hledge as of1 1942,
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